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Ground water - surface water exchange in alluvial aquifer systems is an important component of 
ecosystem structure and function. Preferential flow zones (paleochannels), or coarse abandoned 
river channel beds, have been postulated to facilitate the movement of water, solutes, and 
organisms between the S'^'-order Middle Fork Flathead River in northwestern Montana and its 
floodplain, a coarse-grained montane alluvial aquifer. I used hydrogeological and geophysical 
methods to analyze water exchange patterns within the river-floodplain system and determine 
whether interconnected zones of preferential flow could be identified and mapped at floodplain 
and sub-floodplain scales. Investigation techniques included monitoring of a floodplain-wide well 
and staff gage network, conducting ground-penetrating RADAR (GPR) surveys, and determining 
patterns of water temperature and chemistry. Aquifer sediments are heterogeneous and consist 
of clay, silt, sand, gravel, cobbles, and boulders. GPR profiles revealed few channel-shaped 
targets in the subsurface; detected features were discontinuous. A correlation between slug-test 
derived hydraulic conductivity (< 1 m/d to > 300 m/d) and aquifer structure was not apparent. 
Hydraulic conductivity values at a sub-floodplain suspected preferential flow site (97 ± 65 m/d) 
were similar to those at a control site (80 ± 57 m/d). Continuous water level data revealed a high 
degree of river-aquifer interaction near the channel. Ground water temperatures (1-14°C) and 
radon concentrations (0-23 Bq/L) support ground water flow patterns and calculated flow rates. 
Floodplain waters are Ca-HCOa type and contain low concentrations of trace elements. Some 
form of connected, highly permeable sediments is present within parts of the floodplain as 
suggested by hydraulic conductivity, radon and temperature data; near-channel ground water 
velocity (3-60 m/d); and the presence of river-dwelling fauna in the aquifer. However, at the 
floodplain and sub-floodplain scales of this investigation I could not identify discrete preferential 
ground water flow pathways.
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Introduction
In most parts of the world, floodplains provide habitat for more plant and animal species than any 
other landscape type (Tockner and Stanford, 2002). In river floodplains, biodiversity is sustained 
by complex relationships between heterogeneous sediments, variable river flow rates, and 
interactions between the river and subsurface water (Creuze de Chatelliers et al., 1994; 
Huggenberger et al., 1998; Woessner, 2000). The ecological importance of surface water and 
ground water mixing zones {hyporheic zones) has only been recognized in the last several 
decades (Bencala, 1993; Hynes, 1983; Stanford and Ward, 1993; Valett et al., 1993). Hyporheic 
zone size varies widely, from areas of exchange near the channel bottom to zones measured in 
cubic kilometers (Packman and Brooks, 2001; Stanford and Ward, 1993), depending on channel 
and floodplain permeability, the hydraulic head distribution, and ground water flow directions 
(Woessner, 2000). Researchers have noted the importance of the hyporheic zone in cycling 
solutes, oxygen and organic matter as well as altering spatial and temporal water temperature 
patterns in both aquifers and surface waters (Hendricks and White, 1991; Huggenberger et al., 
1998; Malard et al., 2001). In addition, the zones provide habitat for a variety of organisms 
(Triskaetal., 1989; Winter et al,, 1999).
Near-channel sediments provide habitat for numerous and diverse fauna (Dole-Olivier et
al., 1994; Ward and Voelz, 1994; Williams and Hynes, 1974). Some animals complete their life
cycles within the subsurface, while others enter the hyporheic zone from the river, spend up to 3
years in the sediments, and then emerge as adults (Gibert et al., 1994; Stanford and Gaufin,
1974). A wide variety of ground water organisms, including crustaceans and worms, inhabit the
Danube River in Austria (Danielopoi, 1989). Williams and Hynes (1974) estimated that several
hundred thousand organisms per cubic meter (including mayflies, stoneflies, and caddlsflies)
colonized interstitial habitats of an Ontario stream, and suggested that organism shape and size
may determine their ability to penetrate alluvial sediments. Large stoneflies (up to 2 cm in
length), mayflies, beetles, and leeches live in floodplain gravels adjacent to northwestern
Montana rivers (Stanford and Gaufin, 1974). Large macroinvertebrates were shown to colonize
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floodplain sediments up to 2km from the Flathead River channel In Montana (Stanford and Ward, 
1988),
The presence of organisms in the subsurface floodplain environment suggests that zones 
of highly permeable sediments (the “interstitial highway’’ of Ward and Palmer, 1994) are 
imbedded in floodplain aquifers and are linked to active channels. Several researchers have 
described paleochannels, or buried former river channels, as a source of such high hydraulic 
conductivity zones (Stanford, 1998; Wondzell and Swanson, 1996). These buried zones are 
thought to facilitate the movement of organisms, water, solutes, and organic matter within the 
floodplain and to and from the active channel, as well as reduce residence times of water in the 
alluvial aquifer (Poole et al., 2002; Stanford et al., 1994; Stanford and Ward, 1993). According to 
Ward et al. (2002), "preferential flow paths (buried former river channels) transmit a 
disproportional amount of water through alluvial aquifers and provide especially favorable 
environmental conditions for groundwater fauna".
Attempts to locate paleochannels have involved various geophysical techniques (Hayes, 
2001 ; Poole et al., 1997). Ground-penetrating radar (GPR), for example, has been used to map 
stratigraphy in a variety of riverine settings (e.g. Birkhead et al., 1996; Huggenberger et al., 1998; 
Naegeti et al., 1996). Poole et al. (1997) collected GPR data suggesting the presence of 
paleochannels in gravel-bedded floodplains of the Flathead River in Montana.
The Nyack floodplain (Figure 1), a montane alluvial aquifer system associated with the 
S’^-order Middle Fork Flathead River, provides habitat for a wide variety of flora and fauna (Case, 
1995; Cavallo, 1997; Stanford and Gaufin, 1974; Stanford et al., 1994). Poole (2000) proposed 
that paleochannels act as distributors of water from the active channel to the alluvial aquifer, with 
water leaving the channel and recharging ground water in the upstream reach. Ground water re­
enters the channel in a downstream portion of the floodplain. Several lines of evidence have 
been given in support of the presence of preferential flow pathways within this floodplain: 1 ) 



















Figure 1 . Study area location. Montana map is courtesy of Montana Natural Resource 
Information System. Arrow shows the river flow direction.
abundance of organisms sampled from wells installed in presumed paleochannels; and 3 ) well 
logs showing gravel, cobbles and boulders (Poole et al., 2002). They also analyzed elevation of 
vegetation patches and channels on the floodplain and concluded that preferential flow pathways 
are associated with flood channels and lie at about the same elevation as the current main 
channel. Further, the authors envision a “sinuous, interconnected, near-surface latticework of 
highly transmissive flow pathways” within the floodplain. According to Stanford (1998), 
paleochannels are "very apparent in riverine bed sediments." However, high-resolution 
hydrogeological evidence of specific preferential subsurface flow pathways leading from the river 
into the aquifer is needed. Though the hydrological and biological role of paleochannels within 
gravel floodplains is postulated to be a key component influencing the exchange of river and 
floodplain water, methods for consistently locating and mapping these zones have not been 
developed.
Goal and Objectives
This research was part of a multi-disciplinary study to understand floodplain ecology and 
biodiversity through investigation of surface and subsurface relationships between physical, 
chemical, and biological processes on and within the Nyack floodplain. The larger study is an 
ongoing research effort at the University of Montana and is funded by a National Science 
Foundation grant entitled Biocomplexity: Controls on Emergent Properties o f River Floodplains.
The goal of my study was to determine whether interconnected zones of preferential flow 
(hypothesized paleochannels) within a gravel-bedded river floodplain could be identified using 
ground-penetrating radar (GPR), traditional physical hydrogeological techniques, and analyses of 
water exchange patterns within the river-floodplain system. Specific objectives included: 
development of a valley-wide hydrogeological framework, characterization of floodplain 
sedimentary structure, and delineation of likely zones of high hydraulic conductivity; 
instrumentation and hydrogeological characterization of a site of supposed preferential flow and a 
comparison site; and an analysis of the importance of identifiable preferential flow to the overall 
hydrology of the floodplain.
study Site
The floodplain (latitude 48“ 26', longitude 113°48’; approximately 15 km east of West Glacier, 
Flathead County, MT) lies on the Middle Fork of the Flathead River (a National Wild and Scenic 
River), which flows between Glacier National Park and the Great Bear Wilderness in the Rocky 
Mountains of western Montana (Figures 1 and 2). The floodplain has been the focus of 
ecological research for over ten years through agreements with landowners, the National Park 
Service, and the U.S. Forest Service. Researchers have studied vegetation patterns; the 
abundance and distribution offish, amphibians, macroinvertebrates, and meiofauna (45 to 500 
microns); vertical hydraulic exchange; general temperature patterns; geomorphology; and 
dissolved nutrients and organic matter (Bansak, 1998; Case, 1995; Cavallo, 1997; Harner, 2001; 
Poole, 2000; Poole, 2002; Stanford and Ward, 1993; Stanford et al., 1994 and others). The 
floodplain is approximately 2  km wide and 8  km long and straddles the southwestern border of 
Glacier National Park between West Glacier and Essex, Montana (Figure 3).
The catchment contributes an average annual flow to the Middle Fork of 82 cubic meters 
per second (cm/s) near West Glacier (long-term discharge records, U.S. Geological Survey,
Gage #12358500). Mean annual precipitation is 75 cm and mean annual snowfall is 350 cm at 
West Glacier (Western Regional Climate Center, 2002). The floodplain lies between 
approximately 1000m and 1030m above mean sea level, and is surrounded by mountains with 
elevations of over 2000m (Figure 3). The snowmelt-dominated river hydrograph peaks in May 
and June (Figure 4; long-term discharge records, U.S. Geological Survey, Gage #12358500). 
Flows in 2001 and 2002 were dwarfed by the 1964 flood, during which the instantaneous peak 
flow reached 3964 cm/s. Subsurface flow erupts onto the floodplain surface as springbrooks 
such as Wally Creek (Figure 5). Beaver Creek, a substantial component of surface flow on the 
floodplain (Figure 5) comprised ground water discharge until its upper end connected to the main 
channel in spring 2 0 0 2 .
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Figure 2. Nyack floodplain looking southwest from Glacier National Park toward the 
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Figure 3. Digital Elevation Model (DEM) showing the Nyack floodplain and selected 
hydrography, roads (black) and railroad (green). DEM data obtained from Montana 
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Figure 4. Middle Fork Flathead River mean daily discharge near West 
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Figure 5. Preferential flow study site (1999 aerial photograph). Location of photo is shown in 
Figure 1. Wally Creek site in gray rectangle; Control site in white rectangle. Bottom photo 
shows ground water discharge to Wally Creek (shoe tip on right for scale). Small black 
squares denote continuous water level recorder sites. Lettered GPR survey traces at Wally 
Creek are shown as black lines (see Figures 25a through 25e). Staff gage locations (green 
squares) do not coincide with the river channel due to channel migration since 1999. Wally 
wells listed in order of increasing distance from river: A, A2, B, C, C2, D, D2, E, F, G, and G2.
Geologic materials in the Middle Fork catchment include Quaternary alluvial, colluvial, landslide, 
alluvial fan, and glacial till deposits; Tertiary lacustrine and fluvial sediments; and 
metasedimentary bedrock of the Precambrian Belt Supergroup. Within the Nyack valley, 
stratigraphy consists of glaciofluvial material (silt, sand, gravel, cobbles and boulders) overlying 
Tertiary clay and Belt rocks (Ross, 1963; Stanford et al., 1994; Tuck et al.. 1996). The Nyack 
normal fault trends northwest-southeast underneath the floodplain (Whipple, 1992).
Bedrock canyons constrict the floodplain at both the upstream and downstream ends of 
the alluvial valley (Figure 3). Downstream of the upstream knickpoint, up to 30% of river water 
enters the aquifer (Stanford et al., 1994). At the downstream end. narrowing of the valley walls 
reduces the floodplain cross-sectional area, resulting in ground water discharge to the main 
channel. Floodplain geomorphology at Nyack is transient due to flooding. Larger floods (1964, 
1975, and 1991) may have been responsible for mobilizing sediments and causing channel 
avulsions. Geomorphic changes that occurred in the middle reach of the floodplain are illustrated 
in a time series of aerial photographs (1945, 1966, 1981, and 2002; Harner, 2001; Figure 6 ).
A variety of trees, shrubs, fish, amphibians, mammals, macroinvertebrates, meiofauna, 
and algae inhabit the floodplain. Riverbank, parafluvial (near channel) zone, and seasonal 
channel vegetation consists of black cottonwood, alder, red osier dogwood and willow white 
spruce, fur and cottonwood inhabit upland areas. Floodplain vertebrates include trout, whitefish, 
boreal toads, mountain goats, river otters, and grizzly bears. Macroinvertebrates such as 
stoneflies. mayflies, and beetles inhabit the river, springbrooks, and/or hyporheic zone.
Stoneflies up to 2cm in length were recovered from wells drilled for this study. Meiofauna such as 
rotifers, copepods. and water bears inhabit surface waters and the hyporheic zone (B. Reid, 
personal communication).
Development on and near the floodplain includes U.S. Highway 2, the Burlington 
Northern railroad, gravel roads, several houses, corals, pastures, hay meadows, and a Montana 
Department of Transportation maintenance facility. Economic activities include logging.
10
Figure 6 . 1945 aerial photograph with 2002 channete outlined. Location 
of photo is shown in Figure 1. Symbols represent wells, staff gages, and 
surface water sampling sites.
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grazing and small-scale gravel mining. The natural geomorphic structure and hydrologie setting 
of the floodplain remain intact (excepting railroad riprap on the left bank in a few locations).
Methods and Analytical Procedures
For the valley-wide hydrogeologic characterization, wells and staff gages installed throughout the 
floodplain provided a monitoring network. I Investigated alluvial aquifer architecture with GPR, 
field observations of cut bank sediments and surficial geology, observations made during well 
drilling, and a review of domestic well logs. Aquifer hydraulic conductivity was estimated with 
slug tests and an analysis of lag times between fluctuations of the river stage and the water table. 
Investigation of possible preferential flow zones involved a variety of techniques and 
instrumentation. I established two well transects (Figure 5) with the aid of a time series of aerial 
photographs of the floodplain and field observations of surface geomorphology and hydrology.
The first set of wells was oriented along a zone of supposed preferential flow (referred to as Wally 
Creek) and the second was used as a comparison site (named Control; assumed to have no 
paleochannels). Poole et al. (2002) specifically described Wally Creek as a flood channel, they 
speculate that flood channels may be associated with preferential flow pathways. Water level, 
temperature, chemistry, and radon data were collected from the valley-wide network as well as at 
the Wally Creek and Control sites.
Floodplain Hydroqeoloqic Instrumentation
The purpose of the floodplain-scale monitoring network was to characterize alluvial aquifer 
sediments and determine water table elevations, ground water flow directions, and estimate 
hydrologie flux rates. Land ownership, land use, and the use of a truck-mounted drill rig 
influenced well locations. The network of 58 wells (Figure 7) consisted of 11 previously 
constructed wells (5 domestic wells and 6  PVC research wells) and 47 wells installed for this 
work. Research wells were previously used in published studies that underpin this work (Poole et 
al., 2002; Stanford and Ward, 1993; Stanford et al., 1994). I installed wells with a model 5400
12
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Figure 7. Floodplain monitoring network: 58 wells, 12 staff gages, 
and 3 surface water sampling sites.
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Geoprobe (Geoprobe Systems, Inc., Salina, Kansas). This direct-push method uses hammering 
and the weight of the vehicle to drive steel casing into the ground. Most wells installed as part of 
this coarse-scale network were 35mm diameter steel well points (Figure 8 ). I collected periodic 
measurements of dissolved oxygen, pH, specific conductance, temperature, and water chemistry 
at most sites using standard techniques. Constituents analyzed were Ca, Cl, K, Mg, soluble total 
N, nitrate/nitrite, Na, soluble P, soluble reactive P, S04, and Si02. Sampling and analytical 
procedures are described in the water chemistry section below.
Surface water elevations were recorded at 12 staff gages located on the Middle Fork and 
Beaver Creek (Figure 7). Appendices A and B detail well and staff gage locations and well 
construction, installation, and development. Supplemental installation information is available in 
Appendix C.
Depths to water in wells were obtained periodically with an electronic water level indicator 
(Heron Instruments, Inc., Burlington, Ontario). Water level loggers (Global Water 
Instrumentation, Inc., Gold River, California; model WL 15) measured hydrostatic pressure hourly 
in wells Wally E, Control D, and Nyack 18, as well as Beaver Creek at gage C and the Middle 
Fork at gage E (see Figures 5 and 7). I calibrated loggers according to the field manual. Water 
level accuracy and error estimates can be found in Appendix D. I used a Trimble 5700 survey- 
grade GPS (Trimble Inc., Sunnyvale, California) to determine UTM coordinates and elevations for 
most wells and staff gages. Dense canopy prevented GPS location acquisition at some sites. In 
these cases, a Leica TC600 total station provided coordinates. Further details are available in 
Appendix E.
Characterization of Alluvial Aquifer Sediments
Researchers have investigated fluvial stratigraphy with GPR in a variety of settings (Birkhead et 
al., 1996; Huggenberger et al., 1998; Naegeli et al., 1996; Poole et al., 1997). Advantages over 
other techniques (such as coring) include the non-invasive nature of the method and the 













Figure 8 . Well design and installation. Photograph shows well 11 (20-slot PVC) with 
larger slots cut to allow organisms to enter the well.
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Montana graduate student, gathered and interpreted much of the data from the Nyack floodplain 
(Hawkins, 2003). We used a RAMAC/GPR system (Mala Geoscience, Mala, Sweden), which 
consists of a laptop computer, CUM control unit, 100 and 200 mHz antennas, and a sled to pull 
the system along the ground. Penetration depth was up to ten meters, depending on the antenna 
used and subsurface conditions encountered. The system was pulled by hand, all-terrain vehicle, 
or truck depending on site conditions.
The transmitting antenna sent high-frequency electromagnetic energy into the ground, 
and reflections occurred when the waves encountered interfaces between materials with different 
electrical properties. These interfaces were presumed to correspond with different geological 
materials such as silt and gravel. We configured the processing software (Ramac GroundVision 
version 1.3) to emit several electromagnetic pulses per second while dragging the antennas 
along the ground. The resulting radargrams (Hawkins, 2003) were created by combining the 
signals received from each time step. The raw data were processed with DC, band pass, and 
time gain filters. Hawkins (2003) used the common midpoint method to determine subsurface 
velocities and convert travel times to depths. We completed surveys in areas of mature forest, 
parafluvial environments, pastures, and above zones of suspected preferential flow such as 
surface depressions and flood channels. Several thousand meters of surveys were conducted.
Observations and photographs of channel banks provided additional insight into 
floodplain stratigraphy and sedimentation. During well installation, relative measures of the 
resistance encountered at different depths provided qualitative information about aquifer 
materials. Observations were made based on the speed of installation and indications of sand, 
gravel, cobbles and boulders in the subsurface. I examined domestic well logs (Appendix F) for 
information on aquifer structure and composition.
Hydraulic conductivity was estimated with slug tests (Hvorslev, 1951; Bouwer and Rice, 
1976; Bouwer, 1989). Permeability was independently estimated using cyclic water level 
fluctuations derived from water level logger data. Sinusoidal river stage fluctuations propagate 
into the alluvium at rates dependent on aquifer transmissivity (Ferris, 1963); the time lags of these
16
cyclic variations were exploited to calculate bulk hydraulic conductivity between the river and 
Wally Creek well E. See Appendices G and H for details on estimation of hydraulic conductivity.
Preferential Flow Study Sites
Evaluation of paleochannel hydrogeology was conducted at a near-channel location (Wally 
Creek; Figure 5) near the longitudinal midpoint of the floodplain. The area was topographically 
low compared to the surrounding forest, and the water table was close to the land surface (in 
some cases less than 0.5m). Poole et al. (2002) referred to Wally Creek as a flood channel. 
Recent sand deposition and high water marks on trees confirmed that the area was inundated in 
2002. Alder and cottonwood outnumbered conifers at the Wally Creek site; cottonwood often 
colonizes recently scoured zones (Bradley and Smith, 1986).
Hydrologie evidence also suggested that the sediments underlying Wally Creek may act 
as a conduit for preferential flow. Ground water discharges to the flood channel approximately 
300m from the main river channel, and continues to discharge until its confluence with Beaver 
Creek. This flow was observed as small springs that erupt from the banks and as subaqueous 
discharge (Figure 5). Analyses of aerial photographs from 1945, 1966, 1981, and 2002 show that 
Wally Creek was once part of the main river channel (Figure 6 ).
I drilled eleven wells along Wally Creek (Figure 5); these are called Wally wells. Another 
transect of six wells (Control wells and well 16) was established for comparison purposes, and 
runs north of and roughly parallel to Wally Creek between the Middle Fork and Beaver Creek. 
Most wells installed as part of this preferential flow investigation site were constructed of 5cm 
diameter PVC and are approximately 3m deep (Figure 8 ). The Control wells lie in mature conifer 
forest, and the land is topographically higher than at Wally Creek.
17
Preferential Flow Investigation Techniques 
Radon
one of the most common radioactive isotopes in ground water (Zapecza and 
Szabo, 1988), was measured in selected wells and surface waters to investigate river infiltration 
into the aquifer and to compare Wally Creek with the Control area. Radon concentrations in 
rivers and streams are relatively low because turbulent conditions allow the gas to escape to the 
atmosphere. At significant distances from surface water bodies, radon concentrations peak and 
attain a steady-state equilibrium with radium, the parent isotope. Concentrations reach steady- 
state when the residence time is about 15 days (Hoehn and von Gunten, 1989). These two 
extremes (surface water and steady-state) define endpoints of an infiltration flow pathway in 
which concentrations increase as distance from surface waters increases, and ground water 
exerts more of an influence on water quality. Residence time is the time between when water 
leaves the river and when it arrives at a specified point along a flowpath (e.g., a well; Hoehn and 
von Gunten, 1989).
Two analytical techniques were employed for sampling radon. E. Hoehn and T. Gonser 
of the Swiss Federal Institute for Environmental Science and Technology used a Rad7-H20 
detector (Durridge Company, Bedford, MA) that allowed field measurement of radon 
concentrations (August, 2002). In the second sampling event (October, 2002), I analyzed water 
from thirteen wells, three surface water sites and six standards with a Packard 1500 Liquid 
Scintillation Analyzer (Perkin-Elmer Life Sciences. Boston, MA) on the University of Montana 
campus. Comparisons of concentrations from the field-measured and laboratory-measured data 
sets indicate that differences in values are less than the estimated error of 20-25% (Appendix I) 
Thus, the two data sets are considered comparable. Concentrations are presented in the 
International System unit of becquerels/liter (Bq/L); 1 Bq = 1 radioactive disintegration per 
second. In the U.S., radioactivity is commonly measured in picocuries/liter (pCi/L); 0.037 Bq = 1 
pCi. See Appendix I for procedural details, residence time calculations, and error estimates.
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Temperature
Minilog TR loggers (Vemco Ltd., Shad Bay, Nova Scotia) recorded continuous temperatures in 
Wally wells, Control wells, and surface waters. According to product literature, the resolution of 
these instruments is ±0.2°C and the accuracy is ±0.3®C. All of the loggers were calibrated before 
deployment by recording three different temperatures in water baths for specified times of up to 
10 hours. All loggers were within 0.2"C of an ASTM-certified thermometer. Therefore, no 
corrections were applied. Vemco loggers were generally installed between 10 and 40 cm from 
the bottom of the well, and recorded temperatures every 15 minutes or every half hour. Water 
temperature at different depths was obtained in selected wells with iButton temperature loggers 
{Maxim Integrated Products, Sunnyvale, California). I anchored the iButtons inside 2 cm PVC 
pipe, and isolated each logger by wrapping the PVC with foam pipe insulation between loggers, 
creating a thermal seal. The instruments are accurate to 0.5°C. I obtained periodic ground and 
surface water temperatures in selected wells with an Orion model 230A pH meter and a YSI 
model 30 specific conductance meter.
Water Chemistry
I collected surface and ground waters to characterize the floodplain and assess the effects of 
preferential flow on aquifer chemistry. Surface water grab samples were obtained from clear and 
flowing stream reaches. Well water was drawn with a peristaltic pump after bailing or pumping 
several well volumes and after the pH and specific conductivity had stabilized. I measured pH 
with an Orion model 230A meter, specific conductance with a YSI model 30 meter, and dissolved 
oxygen with a YSI model 55 meter. The instruments were calibrated according to instruction 
manuals. pH 7 and 10 buffer solutions were used for calibration of the pH meter. I calculated 
alkalinity in the field by digital titration to pH 4.5 with 1.6N sulfuric acid (Wilde and Radtke, 1998). 
Three samples were collected from each well for cation, anion, and alkalinity analyses. Cation 
bottles were acid washed, and samples were preserved with reagent grade HNO3 after filtration 
with a 0.45pm filter. In addition to the constituents measured for the valley-wide characterization, 
I also sampled wells and surface waters in the vicinity of Wally Creek and the Control sites for
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trace elements including Al, As, Ba, Be, Cd, Co, Or. Cu, Fe, Li, Mn, Mo, Ni, P, Pb, S, Sn, Sr, Ti.
V, and Zn. Quality assurance procedures included collection of field blanks and field duplicates. 
See Appendix J for method details and a quality assurance summary.
Results
Floodplain Hvdroaeoloaic Characterization 
Water Levels and Water Table Maps
Floodplain water table maps illustrate the dominance of down-valley ground water flow at Nyack 
(Figures 9a, b, and c). In montane settings, Winter et al. (1999) reported that high gradients and 
coarse sediments create a flow system dominated by longitudinal transport. I constructed the 
maps with the assumption of aquifer homogeneity at the floodplain scale, although slug test data 
revealed local aquifer permeability variations. The August 2002 map includes more water 
elevation data than the June representation, and the October map also includes data from wells 
and staff gages at the Wally Creek and Control sites. When constrained by more ground water 
level and surface water elevation data, the complexity of the water table surface becomes 
apparent. Figures 9a, 9b, and 9c indicate substantial ground water recharge from the river in the 
upstream portion of the floodplain. However, flow interpretation at the floodplain scale does not 
indicate ground water discharge from the downstream portion of the floodplain, as reported by 
Stanford et al. (1994) from measures of discharge in the main channel.
The water table was less than 5m below the ground surface at all wells from April to 
November 2002. The majority of measurements indicated a water table of 1 to 2 m below the 
land surface, and water levels in several wells remained less than 1 m below the ground (including 
some Wally Creek wells; Appendix K). The shallow water table caused large areas of land to 
flood during spring 2002. Well hydrographs (Figures 10a and 10b) closely follow surface water 
stages of Beaver Creek and the Middle Fork. These monthly measurements, however, do not
20
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Figure 9c. Nyack floodplain water table map from October 5-6, 2002.
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capture finer-scale (short-term) water level fluctuations. Hydrographs and continuous water level 
data (Figures 10a, 10b, 11a, 11b, and 11c) indicate that the water table is responsive to river 
stage changes throughout the floodplain. Overall patterns of water-level change varied from April 
to October 2002. For example, the range of water level change in the Hill domestic well was over 
2m from June 28 to October 5 while the water level in well DOT35 dropped only 62cm from May 
21 to October 5. Wells with larger fluctuations (1m to 1 5m) tended to cluster in the upstream half 
of the floodplain (1013-1020m elevation; Figure 10a) while smaller changes (generally less than a 
meter; Figure 10b) occurred in wells in the downstream half of the floodplain. This variable 
pattern in the range of water level change is consistent with previous work (e.g. Harner 2001).
A series of wells and a staff gage in an upper reach of Beaver Creek illustrate the 
dynamic nature of groundwater -  stream interaction. The response of Beaver Creek to snowmelt 
runoff is reflected in the hydrographs of three nearby wells (Figure 12) that have 13cm screened 
intervals and different depths. Prior to the largest pulse of spring runoff (April 23, May 1, and May 
9) an upward gradient predominates, suggesting ground-water discharge to Beaver Creek.
During peak flow, creek and ground water levels were similar (May 20), suggesting the 
establishment of lateral flow. Throughout baseflow recession, however, only small vertical 
gradients occurred and ground water levels were once again higher than the creek stage, 
suggesting that the creek gained water between July and October.
Water table fluctuations sometimes exhibited a diel pattern, as shown by a continuous 
water level record for well 18 (Figure 13; see figure 7 for site location). Cottonwood trees 
surround this well; the water table was approximately 1m below the ground surface. Water level 
maxima occurred between 3pm and 11pm while the lowest levels appeared between 10am and 
1pm. River discharge, measured at the U.S. Geological Survey gage near West Glacier, MT, 
decreased steadily during this period and did not appear to cause the fluctuations seen in the 
well. Cottonwoods are phreatophytes, trees that transpire large amounts of ground water during 
daylight hours. However, the water level record for this well does not suggest cottonwood 
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Figure 10a. Selected well hydrographs from the upstream portion of the floodplain. 
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Figure 10b. Selected well hydrographs from the downstream portion of the 
floodplain.
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Figure l ia .  Continuous water level records for wells and surface water sites, 
September to March 2002-2003. Locations are shown in Figure 5. No data were 
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Figure 11b. Continuous water level records for the Middle Fork Flathead River and 
Wally well E, September to November 2002. See Figure 5 for site locations.
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Figure 11c. Continuous water level records for the Middle Fork Flathead River 
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Figure 13. Continuous water level record for well 18. See Figure 7 for site location. 
Black line is discharge in cubic meters per second measured at the U.S. Geological 
Survey gage near West Glacier, MT.
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fluctuations in this well may have been caused by pulses of melt water flowing in Deerlick Creek, 
which runs along the highway between wells 18 and DOT 35 (Figure 7).
Aquifer Structure and Permeability
In northwest Montana, Pleistocene glaciation and subsequent weathering and erosion created the 
present landscape in the Nyack alluvial valley and provided floodplain fill (Carrara, 1990; Creuze 
de Chatelliers et al., 1994; Stanford et al., 1994). Fluvial processes then reworked and rounded 
the glacial sediments (largely clasts of Belt Supergroup rocks), and fine sediments were carried 
downstream as suspended load toward Flathead Lake, The sedimentary architecture of the 
floodplain is thus a product of the geomorphic evolution of the valley.
Well logs, GRR surveys, slug tests, and field observations suggest that sediments are 
heterogeneous. Within the Nyack floodplain, the term "heterogeneous" refers to a variably sorted 
mixture of glaciofluvial material consisting of clay, silt, sand, gravel, and cobbles created by cut 
and fill alluvial reworking by a braided river system carrying a high sediment load. The wide 
range of permeability depends on sediment grain size, sorting, and packing, which are in turn 
controlled by the depositional environment (e.g. main channel or overbank/slackwater deposits).
Domestic wells logs reveal horizontal and vertical aquifer heterogeneity (see Appendix F 
and Figure 14; logs from wells monitored in this study are labeled in the appendix). Boulders, 
gravel, sand, silt, and clay were encountered during drilling. Significant lengths of the wells pass 
through silt and clay layers. One well ("Wheeler test well”) was drilled more than 100m into the 
floodplain (Figure 14) and was abandoned because of insufficient well yield (J. Wheeler, personal 
communication). The functional replacement ("Wheeler”) is only 12m deep and is within several 
meters of the test well. Three other wells drilled Into the floodplain are approximately 12m deep. 
Well GWR LG passes through a 22m-thick layer of sandy clay, but the open bottom at 49m 
produces almost 400 L/min (Figure 14).
Data obtained with GPR, the primary tool used to investigate subsurface architecture, 




Well GWR LG 
Depths in meters
0 to 0.3 
0.3 to 3 
3 to 7 
7 to 16 
16 to 20 
20 to 42 
42 to 49
Clay
Silt and gravel 
Sand and gravel 
Sand
Sand and gravel 




Wheeler Test Well (abandoned)
Depths in meters
0 to 4 
4 to 6 
6 to 45 
45 to 75 
75 to 77 
77 to 80 
80 to 82 
82 to 92 
92 to 101 
101 to 104
Sand, gravel, clay and boulders 
Sand and gravel 
Gray silt and clay 
Layers of gray clay and silt 
Sticky brown clay 
Sand and gravel 
Brown day and gravel 
Gray silt







Figure 14. Well logs from the Nyack valley. Well GWR LG was part of the 
mon,tor,ng network for this study. The Wheeler Test Well was abandoned
because of insufficient water yield. uunea
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structure such as abandoned channels or point bars. Reflections generally lacked patterns 
interpretable as subsurface stratigraphy, and continuity of reflectors between surveys was rare. 
Structure that did appear was visible at depths of up to 8m.
Poole et al. (1997) presented GPR images of the Nyack alluvial aquifer that show shallow 
(<10 m) concave-upward subsurface features of unspecified length. These are interpreted by the 
authors as interfaces between fine-grained overbank deposits and coarse material that formed 
the bed of abandoned river channels. The locations of these surveys within the floodplain were 
not noted. The authors proposed that the illustrated targets were paleochannels, but they pointed 
out that confirmation of subsurface stratigraphy would require excavation. The majority of GPR 
surveys from the present study, however, did not reveal shallow interfaces that would suggest 
layering of sediments with contrasting electrical properties. One radargram did suggest 
subsurface structure (Figure 15) but it could not be traced in parallel surveys. Results suggest 
that structural evidence for paleochannels as presented by Poole et al. (1997) may be difficult to 
find; coarse, sinuous features may not necessarily correspond with surface depressions.
At two other locations (wells 11 and 25 were drilled over the center of these features; 
Figures 5 and 7), surface depressions corresponded with curvilinear features in radargrams 
(Figures 16 and 17). These features appeared in at least three parallel surveys up to 155 meters 
apart. The hydraulic conductivity of well 11 is higher than other wells distal to the river (e.g.
Fence. Dalimata Field and Railroad wells; Figures 7 and 22) but is lower than wells near the 
channel (i.e. some of the Wally and Control wells; Figure 5; hydraulic conductivity data are 
presented below). Poole et al. (1997) noted that the water table was 4-8m below the ground 
surface at the time of their surveys. For this study, the water table was generally less than 2m 
beneath the ground during GPR data collection. Because high sediment water content can 
attenuate GPR signals (Poole et al., 1997), the high water table during 2002 may help explain the 
difficulty in detecting subsurface structure.
The banks of the Middle Fork provided views of the vertical variability of the alluvial 


























Figure 15. GPR Radargram from near well 19 (see Figure 7 for location). 
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Figure 16. GPR Radargram at well 11 (see Figure 5 for location). Horizontal 
scale is in meters.
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Figure 17. GPR Radargram at well 25 (see Figure 7 for location). 
Horizontal scale is in meters.
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Figure 18. River banks near Ouzel staff gage (top) and below gage H (bottom). 
Notebook and pencil for scales.
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from the Ouzel staff gage (Figure 7). The second is at staff gage H downstream of the Control 
wells (Figure 5). Composite banks such as these are also common along Beaver Creek. At the 
bottom of the banks, coarse, non-cohesive gravel and cobble materials are susceptible to 
erosion. Approximately a meter of cohesive, finer-grained silt and sand deposits overlie the 
gravel and cobbles. These sediments may include a fining-upward gravel layer that allows for 
preferential ground water flow (bottom) and overbank deposits (top) (Huggenberger et al., 1998).
Current sedimentation patterns within the parafluvial zone provide insight into processes 
that created the heterogeneous aquifer (Figure 2). River channels and point bars lack vegetation 
and comprise only fluvially reworked gravel and cobbles, while overbank deposits consist of sand 
and silt and often support cottonwood seedlings The geomorphic and sedimentological variability 
described above is reflected in permeability estimates. Slug test data show that horizontal 
hydraulic conductivity varies throughout the floodplain (Appendix L). The lowest hydraulic 
conductivity values (well 4 [0.4 ± 0.2 m/d] and well 27 [0.6 ± 0.2 m/dj) suggest fine sand (Driscoll, 
1986). The highest K values occurred at the Wally Creek and Control sites (90 ± 62 m/d), and 
correspond with mixed sand and gravel (Driscoll, 1986). This range is lower than previous 
estimates determined from pumping tests (0.1-10 cm/s or 86-8600m/day in the nearby Kalispell 
Valley; Stanford et al., 1994), but falls within the range of 0.001 -  1 cm/s (0.86 to 860 m/d) for 
coarse, water-sorted glacial deposits (Fetter, 1994). Hydraulic conductivity also varies with 
depth. Wells 4 (2.83m depth, 0.4 ± 0.2 m/d) and 5 (4.59m depth, 81 ± 17 m/d) were drilled within 
several centimeters of each other.
Water Chemistry
Waters in the Nyack Valley contain low concentrations of dissolved ions, nutrients, and 
suspended particulates, which is typical of pristine systems in the northern Rocky Mountains 
(Baxter and Hauer, 2000). Water quality does not change significantly with location or depth 
(Appendix M), although I generally found greater concentrations of constituents distal to the river. 
Major ion concentrations are similar throughout the floodplain (Figures 19 and 20). Ca (37.1 ±
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Figure 19. Ternary diagram of floodplain water samples. 
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Figure 20. Stiff diagrams for selected floodplain waters. See Figures 5 
and 7 for site locations. All floodplain waters are calcium -  bicarbonate type. 
Milliequivalents per liter (Meq/L) =
(concentration in mg/L) / (formula weight/electric charge).
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7.1 mg/L) and HCO3 (132.1 ± 31.0 mg/L) are the dominant ions and are probably derived from 
carbonate members of the Belt Supergroup, which forms the bedrock of the catchment and much 
of the alluvial aquifer. Ca, Mg (9.2 ±1 .7  mg/L) and Si02 (5.6 ± 0.9 mg/L) concentrations are 
generally higher in wells that are deeper and/or further from the river (e.g.. wells 18, Dalimata 
Field, and Wheeler; Figure 7). K (0.4 ± 0.2 mg/L), Na (1.0 ± 0.1 mg/L), S04^' (6.6 ± 1.4 mg/L) 
and Cl (0.3 ± 0.4 mg/L) concentrations are low. Water chemistry Is characterized by variable Mg- 
Ca and HCO3-SO4 ratios (linear distributions on trilinear diagrams as shown in Figure 19). 
Examination of the concentrations, however, suggests no correlation between the ratios and well 
location or depth.
The Middle Fork system is oligotrophic, with low N and P concentrations (Stanford et al., 
1994). Hyporheic zones are often sources of nutrients (Winter et al., 1999); according to previous 
work, subsurface water at Nyack has more N and P than surface water because of organic matter 
metabolism by subterranean organisms (Stanford and Ward, 1993). In this study, nutrient 
(NO2/NO3' and soluble P) levels in surface waters and ground waters averaged 85.7 ± 102.0 pg/L 
and 5.4 ± 3.8 pg/L, respectively.
Although large concentration differences were not apparent throughout the floodplain, 
several wells showed relatively elevated or deficient concentrations of certain constituents. For 
example. Figure 19 shows one outlier (well GWR LG) on the cation ternary diagram; the Mg-Ca 
ratio is high compared with the rest of the wells. This well is more than % km from the river 
channel and is 49m deep; it may tap hillslope ground water or represent floodplain ground water 
that has been in residence longer than other waters sampled. I did find relatively high levels of 
nitrate/nitrite (up to 0.5 mg/L) in wells Wheeler, DOT 35, Tinhorn. 20, 14, 11, and 19 (see Figures 
5 and 7 for site locations). These wells are generally deep and/or located in the downstream 
portion of the floodplain. Phosphate concentrations at several sites were also anomalous (see 
Appendix M). See Appendix J for a list of other wells exhibiting relatively high or low 
concentrations of certain elements.
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pH, dissolved oxygen, alkalinity, and specific conductance varied with location and depth 
(Appendix K). pH values were near neutral throughout the floodplain (6.7-8.1 ); water from the 
channel and near-channel environments was slightly more basic than that of wells distal to the 
channel. In September 2002, dissolved oxygen was above 80% saturation in the main channel 
and Beaver Creek (-9  mg/L) but was only 3 mg/L in Wally Creek and fell below 1 mg/L in several 
wells. Alkalinity was 108.3 ± 25.4 mg/L as CaCOs. Higher Ca and Mg generally correlated with 
higher alkalinity values. Specific conductance averaged 203 ± 56 pS/cm. Wells deeper and/or 
further from the river generally exhibited higher specific conductance compared with surface 
waters and near-channel wells. Based on measurements made outside of the Wally and Control 
sites, specific conductance increased an average of 70pS/cm in most wells between August 5 
and October 5, 2002. While It is possible that the meter was incorrectly calibrated on one of 
these dates, August and September measurements from the Wally and Control sites support the 
conclusion that specific conductivity increased during this period.
Temperature
Surface water and ground water temperatures varied considerably between April and November 
2002 (Appendix K), Surface waters (the river, Beaver Creek. Wally Creek, and several other 
springbrooks) ranged from near 0°C to 16**C. This range is similar to the findings of Stanford et 
al. (1994), who reported river temperatures of 0 to 20°C along the floodplain. Data from this 
study support the work of Bansak (1998), who showed that river temperature had high temporal 
and little spatial variation and that sphngbrook temperatures remained relatively constant in time, 
but varied by location.
Ground water temperatures ranged from 1“C in February 2003 to 14®C in early August 
2002, a larger range than previously reported (Stanford et al., 1994). The full range of ground 
water temperatures was found near the channel, where river water directly recharged the aquifer. 
Wells further from the channel (e.g. wells 11, 12,23, 18, and Tinhorn) remained between 2 and 
12°C throughout the year. The thermal signatures of wells distal to the river also changed more
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gradually than for near-channel wells. Ground water temperatures thus indicated different 
temporal scales of surface water influence. The temperature of some ground water is affected on 
a time scale of hours, while other portions of the aquifer exhibit weekly to seasonal river 
influences. I found vertical stratification of ground water temperatures in some wells. Water in 
well 11, for example, varied from 13”C near the water table to 10°C at the bottom of the well (5m 
depth) during August 2002. Vertical stratification changed in two wells depending on the time of 
year (Figure 21). Between April and June 2002, wells 4 (2.8m depth) and 5 (4.6m depth) varied 
from 3 - 4.5®C. In April, well 5 water was warmer than in well 4. In May and June well 4 water 
was warmer.
A series of wells near Movie Road (Figure 22) illustrate the dynamic nature of ground 
water-surface water interaction. This portion of the floodplain contains a losing reach of the 
Middle Fork (Harner, 2001). Figure 23 shows the effect of river discharge on the aquifer. 
Temperatures in wells 2 and 7 decreased in response to a pulse of cold river water that peaked 
on April 15, 2002. The effect of cold river water was very pronounced in wells 2 and 7. At the 
Railroad well, about % km from the river channel, a decrease in temperature is also apparent.
This may reflect influence from the main channel or effects from undocumented temperature 
changes in the creek to the west of the well (near the highway). Water passing through Well 6, 
however, was not affected but gradually increased throughout April.
River -  Ground Water Interaction at the Sub-floodplain Scale
Water Levels and Water Table Maps
Synoptic discharge measurements along the Middle Fork (Flathead Lake Biological 
Station, unpublished data) indicated a river loss of approximately 11% of its discharge during fall 
2002 in the vicinity of the Wally Creek site. In addition, the river stage was over a meter higher 
than the stage of Beaver Creek in early October. These data suggest that during low-flow 
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Well 4 Well 5
Figure 21. Temperature time series for well 4 (2.8m depth; k = 0.4 m/d) and well 5 (4.6m 
depth; k = 68 m/d). See Figure 7 for well locations.
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Wells 3, 4, and 5
Dalimata Fietd Well Pçullot Gage
Movie Road
y  Well 6
V\/ell 10 •
Wells 1 and F ence^"^  
Well 
Railroad Well 2 
Highway Well
Figure 22. 2002 aerial photograph of the Movie Road area. Flooding during spring 2002 
destroyed Wells 2 and 8. This portion of the floodplain is visible in Figure 2. Arrows show 
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v̂ /ell 6 (3.54m; 120m)
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RR well (7.42m; 430m)
well 7 (3.06m; 70m)
Figure 23. Time series temperature data at Movie Road wells. 
See Figure 22 for site locations.
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table maps (Figures 24a and 24b) confirmed river water infiltration along the left bank in 
September and October 2002. Assuming again that the aquifer is homogeneous, water table 
elevation contours crossed the Wally Creek transect at an oblique angle. Ground water flowed 
perpendicular to the Control well transect.
Continuous water level data (Figures 11a, b, and c) also illustrate the infiltration of river 
water into the aquifer at Wally Creek during fall and winter 2002-2003. The river stage remained 
approximately 1m above Beaver Creek, and water levels in Wally well E and Control well D were 
in between the two surface water stages for the same period. These results suggest that the river 
is a significant source of flow to Beaver Creek, which gained approximately 0.2 cubic meters per 
second (or about 20% of its total flow at the downstream end of the floodplain) in the vicinity of 
the Wally Creek and Control sites on August 28 (Flathead Lake Biological Station, unpublished 
data). Hyporheic water appears well connected to the river in this area. River stage changes 
propagated quickly into the aquifer at both the Wally Creek and Control sites (Figure 11a). On 
average, stage fluctuations in the main channel in early November propagated to Wally well E in 
less than two hours (Figure 11c).
Aquifer Structure and Permeability
We conducted four GPR surveys perpendicular to Wally Creek and one survey along the length 
of the creek (Figures 25a through 25e; see Figure 5 for site locations). Filtered radargrams show 
continuous reflectors at depths of 0.5 to 1m depth and scattered, discontinuous dipping reflectors 
at 1.5 to 2m (Hawkins, 2003). The former may represent the water table, which was between 0.5 
and 1m below the ground surface during the surveys. Discontinuous reflectors may show the 
interface between sand (visible on the surface) and large cobbles (invariably encountered during 
drilling at 1.5 - 3m). In the longitudinal survey (Figure 25a), one trough-shaped feature is visible 
at 1-2m depth and is approximately 30m wide and 1m deep. This feature resembles those shown 
by Poole et al. (1997) and may indicate the presence of a channel corresponding to the location 
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Figure 24a. Water table map at Wally Creek and Control study sites, September 8-10, 
2002 on 1999 aerial photograph. Staff gage locations (green squares) do not coincide with 










Figure 24b. Water table map at Wally Creek and Control study sites, October 6, 2002 
on 1999 aerial photograph. Staff gage locations (green squares) do not coincide with 
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Figure 25a. GPR survey parallel to Wally Creek. Location is shown on Figure 5 as survey A. 
Horizontal scale is in meters. The west side of this survey was closest to Beaver Creek and 
the east side was nearest to the river.
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Figure 25b. GPR survey perpendicular to Wally Creek. Location is shown on 
Figure 5 as survey B. Horizontal scale is in meters.
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Figure 25c. GPR survey perpendicular to Wally Creek. Location is shown on Figure 5 
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Figure 25d. GPR survey perpendicular to Wally Creek. Location is shown on Figure 5 
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Figure 25e. GPR survey perpendicular to Wally Creek. Location is shown on Figure 5 
as survey E. Horizontal scale is In meters.
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trough-shaped features (Hawkins, 2003).
Hydraulic conductivity values from Wally Creek wells (97 ± 65 m/d) were among the 
highest measured on the floodplain (Table 1). The highest permeability was found in wells A and 
B (average of 170 m/d). Hydraulic conductivity determined from river stage -  water table lag 
analysis at the Wally Creek site (using water levels at gage E and Wally well E; Figure 7) ranged 
from 550 to 850 m/d depending on aquifer thickness and a storativity value of 0.20 (Appendix H). 
Cyclic fluctuations can be seen in Figures 11b and 11c. The lag method was used to estimate 
permeability over a much larger volume of the aquifer (from the Middle Fork to Wally well E) and 
over the entire aquifer thickness. This result suggests that deeper alluvial deposits may have a 
higher permeability. Hydraulic conductivity of the Control wells was not significantly different from 
Wally Creek values (80 ± 57 m/d). Although aquifer permeability is relatively high at the Wally 
Creek and Control sites, low hydraulic conductivity zones exist near these study sites. For 














Table 1. Average hydraulic conductivity for wells in the Wally Creek and Control transects. 
Values were determined by averaging results of multiple slug tests (see Appendix L).
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Water Chemistry
Major Ion and nutrient levels In waters of the Wally and Control sites are similar to the rest of the 
floodplain (see above). In addition, ground and surface waters at these sites were also analyzed 
for trace elements. The results of this work showed that As, Be. Cd, Co, Cr, Cu. LI. Mo, Nl, Pb, 
Sn, Tl, and V concentrations were near or below analytical detection limits (Appendix N). Water 
quality data show no significant differences In major or trace element chemistry between wells In 
the Wally Creek and Control transects, although anomalous levels of some constituents were 
found at some wells (Appendix J). Nutrient concentrations (nitrate/nltrlte and phosphate) 
Increased with depth at Wally Creek. Ground water discharging to Wally Creek had higher 
concentrations of Ba, Ca, Fe, Mg, Zn, and alkalinity and lower soluble total N than the river or 
Beaver Creek.
Specific conductance, pH, dissolved oxygen, and alkalinity varied with distance along the 
Wally Creek and Control sites (Appendix K); excepting dissolved oxygen, there were no 
significant differences between the transects. River specific conductance and alkalinity were 
similar to the first few wells In the Wally and Control transects; these variables increased with 
distance from the river. pH exhibited the opposite trend, declining slightly away from the river. 
Dissolved oxygen In Wally wells A and B was similar to the Middle Fork (9-10 mg/L). Dissolved 
oxygen was high in Wally wells A2, C, and C2 (6-8 mg/L), while water from the rest of the well 
transect had less than 3.5 mg/L. Dissolved oxygen decreased with depth near the river, but this 
pattern did not hold near Beaver Creek (Wally G). Dissolved oxygen at the Control transect 
ranged from 2-8 mg/L and declined with distance from the river.
Temperature
Surface waters measured at the preferential flow study areas Include the river, Beaver Creek, and 






10/1 10/3 10/5 10/7 10/9 10/11
Middle F o rk  Wally Creek Bea\«r Creek
Figure 26. Surface water temperature time series at the preferential flow study
site in October 2002. See Figure 5 for site locations.
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temperatures in the river and Beaver Creek peaked between 1 pm and 4pm during September, 
October, and November 2002. Maximum Wally Greek temperatures occurred earlier, between 
11am and 3pm. Minimum temperatures for the river and Beaver Creek occurred in the early 
morning (6-9am for the river and midnight to 9am for Beaver Creek). Wally Creek remained at a 
thermal low for long periods (up to 10 hours between 10pm and 8am). The amplitudes of 
temperature variation for the river and Beaver Creek were similar in autumn months (2-3°C), 
although Beaver Creek was warmer. The range of daily variation in Wally Creek was about 1 °C.
Changing river temperature presumably caused short-term temperature fluctuations in 
wells. Water temperatures in wells A and B (Figure 27) clearly showed a cyclic, diurnal river- 
derived signal. The magnitude of daily temperature change in well A was smaller than the river, 
and cyclic variations lagged behind river fluctuations. Interestingly, on September 28 the 
relationship between well A and the river changed. After this date, the amplitude of water 
temperature change increased until it was almost identical to that of the river; the lag time 
between subsequent diel cycles virtually disappeared. Collection of water quality samples on 
September 28 required brief removal of the temperature loggers. It is probable that the logger in 
well A was reinstalled at a slightly different depth. Results suggest that the degree of river-aquifer 
connectivity may be depth-dependent, even at sub-meter scales. Examination of temperature lag 
times between the river and well A suggests residence times of up to 4 hours for well A prior to 
September 28. After this date, residence times were about 1 hour.
Smaller amplitude diurnal fluctuations and greater lag times characterized well B. Lag 
times varied from 5 to 8 hours. Well C water temperature did not fluctuate on a diel basis (Figure 
28) but river temperature changes of 2-3®C were propagated to well C in 1.5 - 2 days during 
October and November 2002. Temperatures in wells D through G2 decreased gradually from 
Sept to November, although wells D and G dropped more quickly than wells E and F (Figure 29). 
A constant temperature of 7.4®C predominated in well G2 (5.4m depth) for the same period. 
However, it should be noted that Wally wells D-G2 do not lie along a single ground water flow 














9/22 9/24 9/26 9/28 9/30 10/2
Middle Fork —— Wally well A Wally well B
Figure 27. Temperature time series (2002) for the river and Wally wells A and B.

















9/23 9/24 9/25 9/25 9/269/22 9/23 9/24
Middle Fork Wally A —i— Wally B Wally C
Figure 28. Temperature time series (2002) for the river and Wally wells A, B, and C.
See Figure 5 for site locations.
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10/6 10/13 10/20 10/27 11/3
• Wally D ■ Wally E Wally F Wally G Wally G2
Figure 29. Temperature time series (2002) for Wally wells D, E, F, G, and G2,
See Figure 5 for site locations.
62
distances are therefore longer than the shortest distance from each well to the river (based on 
water table maps; see Appendix O).
Control well temperature patterns do not follow those found at Wally Greek (Figure 30). 
Although ground water temperatures decreased from September to November 2002, diurnal 
fluctuations within the river did not propagate to any of the Control locations. Temperatures in 
wells closer to the river, however, decreased faster than at sites further from the channel.
Radon
Radon concentrations on the floodplain ranged from approximately 0 - 2 3  Bq/L (0 -  600 pCi/L) 
and averaged 13 ± 7  Bq/L (350 ± 90 pCi/L) (Appendix O). Of nine surface water sampling sites, 
eight had radon values significantly above zero. This suggests that the Middle Fork (2-3 Bq/L) 
and Beaver Creek (4-8 Bq/L) receive significant components of flow from subsurface discharge. 
Discharge measurements during 2002 confirmed that Beaver Creek and the Middle Fork gain 
flow along most of the reaches sampled for Rn (Flathead Lake Biological Station, unpublished 
data). The Rn concentration at one location near Movie Road (Figure 22) was near zero; Figures 
9a, 9b, and 9c indicate that the river loses water to the aquifer in the vicinity of Movie Rd. Wally 
Creek (15 Bq/L) erupts from a surface depression and all of its flow is derived from hyporheic 
water. The highest values (23 Bq/L for the laboratory analysis and 22 Bq/L for the field 
measurements) were considered steady-state concentrations. Both Beaver Creek and Wally 
Creek had higher Rn concentrations than several wells.
Rn was measured in selected wells and surface waters at the Wally Creek and Control 
sites. Both field-measured and laboratory-analyzed data suggest significant differences in Rn 
concentrations along the Wally and Control transects (see Appendix O for laboratory results). 
Lab-derived concentrations in Wally wells A through C were about 3 Bq/L, which is similar to the 
value obtained from the Middle Fork near Wally Creek. These near-channel wells contained very 
young water. Residence times could not be calculated for wells A and B because the measured 






















Figure 30. Temperature time series (2002) for Control wells. See Figure 5 for site
locations.
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counting because ground water is expected to have higher Rn activity than surface water. Based 
on calculations for Wally well C (1 day), residence times of wells A and B were less than 1 day 
(see Appendix O). Wally wells D, E, F, and G exhibit much higher radon activities (18-20 Bq/L). 
These values approach the maximum concentration measured in the floodplain. Rather than a 
gradually increasing Rn pattern, Wally well concentrations exhibited a step-increase (from wells 
A-C to wells D-G). These patterns are supported by field-measured concentration data. Rn 
concentrations and patterns along the Control transect did not match those of Wally Creek. Rn 
activities were generally higher (6-23 Bq/L); none of the wells matched the river concentration. 
Wells A and B did not seem to fit the theoretical pattern of increased Rn activity with increasing 
infiltration distance. Well A had twice the Rn activity of Well B. Aside from this anomaly, 
concentrations generally increased with distance from the river.
Calculations using laboratory-derived Rn concentrations indicated that most subsurface 
waters at the Wally and Control sites left the river less than 15 days earlier. E, Hoehn and T. 
Gonser (unpublished data) found that water from most of the sampled wells (including the Wally, 
Fence, RR, Sergeant North, and Sergeant South wells) was also very young (less than 15 days 
residence time).
Ground Water Velocity
I estimated the velocity of ground water infiltrating from the river at the Wally Creek site. The 
average of results using all methods below is approximately 25 m/d. Rn-calculated residence 
times for Wally wells A, B, and C suggest ground water velocities of approximately 30 m/d.
Based on residence times and estimated ground water flow distances from flow line interpretation 
for wells D, E, F, and G (Appendix O), ground water velocities are estimated at 10-50 m/d. These 
values are somewhat higher than the estimate of 3-7 m/d made using field-collected Rn data 
(E.Hoehn, personal communication, 2003).
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Ground water velocity can also be estimated using an equation derived from Darcy's Law when 
sampling points lie along a ground water flow path. At Wally Creek, wells A, B, and C fulfill this 
requirement, as shown by water table maps and confirmed by temperature and radon data. The 
equation is: V = ki/n, where V = velocity: k = hydraulic conductivity; i = hydraulic gradient, and n = 
aquifer effective porosity (Fetter, 1994). I estimated porosity at 0.20 based on the results of other 
work in a similar river-aquifer system (Clark, 1986). Slug test data indicate that ground water 
velocity was approximately 3 m/d for wells A, B, and C (average K = 100 m/d; gradient = 0.006). 
Using hydraulic conductivity values from cyclic water level fluctuations (550-850 m/d), the 
estimate ranges from 16-26 m/d (see Appendix H). Driscoll (1986) suggested an aquifer storage 
coefficient of 0.20 for coarse-grained material in unconfined aquifers. Calculations using cyclic 
fluctuations assume that the entire saturated thickness of the aquifer was connected to the 
surface. I used 100-150m as the saturated thickness associated with the wells. If river stage 
changes affected only a portion of the alluvium, hydraulic conductivity values and resulting 
ground water velocity estimates would be higher.
It is possible to estimate ground water velocity with temperature lag data between the 
river and Wally wells A, B, and C. Stallman (1963) showed that both conduction (due to 
temperature gradients) and advection (heat contained in fluid is moved along with fluid flow) 
affect the distribution of underground temperatures. For the following analysis, I assumed that 
because the aquifer has high hydraulic conductivity, advection was most important in carrying 
heat pulses from the river into the alluvium. For ground water velocity calculations, horizontal 
flow is assumed, implying that water near the surface of the river entered the aquifer, traveled 
horizontally, and intercepted the temperature logger. The horizontal distance between the river 
channel and Wally A was approximately 4m during fall 2002. Wells B and C are approximately 
18m and 33m from the river channel, respectively. Velocity estimated from well A temperatures 
was 45 m/d. At well B, the estimate is 60 m/d and at well C, 20 m/d. This analysis assumes that 
the wells lie along a ground water flow path.
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Discussion
Researchers have stated that floodplain sediments provide complex interstitial habitats for 
animals (Creuze de Chatelliers et al., 1994; Danielopol, 1989; Stanford and Gaufin, 1974;
Stanford and Ward, 1988; Ward, 1989; Ward and Voelz, 1994), some of which migrate between 
the river and the subsurface (Gibert et al., 1994; Stanford et al., 1994). Stanford and Gaufin 
(1974) suggested that “interstices in floodplain grave! are apparently wide enough to allow fairly 
large invertebrates to move efficiently." Others have proposed that continuous, highly permeable 
abandoned river channels provide a mechanism for rapid infiltration of biota and large volumes of 
river water deep into the alluvium (Poole et al., 2002; Stanford et al., 1994; Stanford and Ward, 
1993).
However, investigations using a variety of techniques at two scales failed to isolate 
specific, river-connected highly conductive paleochannels in late summer and fall 2002. At the 
floodplain scale, channel-like reflectors in the subsurface such as those shown by Poole et al. 
(1997) appeared rarely in GPR surveys completed during the present study (several hundred m 
out of several km of surveys; Hawkins, 2003). Hydraulic conductivity estimates varied over three 
orders of magnitude but high-permeability sediments were not restricted to suspected or 
identifiable paleochannel areas. Water quality data and field parameters could not be exploited to 
delineate preferential flow pathways.
A finer-scale study of an abandoned channel and a control site also proved inconclusive.
I could not resolve specific high-permeability subsurface flow pathways with instrumentation and 
monitoring under late summer and fall hydrologie conditions. Fall 2002 water table maps showed 
that infiltrating river water did not flow along the Wally Creek flood channel to discharge to Beaver 
Creek. Rather, water left the main channel and proceeded through the Wally Creek site at an 
oblique angle. The water table responded quickly to river stage fluctuations at both the Wally 
Creek and Control sites. GPR surveys at Wally Creek (a suggested subsurface preferential flow 
zone by Poole et al., 2002) produced some evidence of channel-like structure, but the extent
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appears limited. No identifiable channel-like features were detected in the subsurface at the 
Control site.
Permeability estimates suggest that aquifer sediments, although variable, are not 
significantly different at the Wally Creek and Control sites. Water chemistry was similar between 
the two transects, although geochemical changes occurred with distance from the river channel. 
Concentrations of some ions were greater in ground water discharging to Wally Creek than in 
either the river or Beaver Creek, suggesting that direct and rapid movement of infiltrated river 
water to Wally Creek and Beaver Creek was not occurring. Near-equilibrium radon 
concentrations (indicating ground waters of relatively long residence time) were achieved within 
150m of the main river channel in the vicinity of the Wally Creek and Control sites, supporting 
hydrogeological evidence that river recharge did not travel parallel to either transect. River water 
infiltration was evident in near-channel Wally wells (but not the Control wells), as shown by die! 
temperature fluctuations. These cyclic temperature patterns, however, propagated less than 
100m horizontally into the aquifer. Taken together, these findings suggest that identification and 
mapping of extensive zones of suspected preferential ground water flow in this and similar gravel 
floodplains require another approach, if identifiable zones exist. Radon, temperature, hydraulic 
conductivity, and ground water velocity data, as well as the presence of river-dwelling fauna in the 
aquifer, suggest that some form of well connected, highly permeable zones is present within the 
floodplain.
Evaluation of Preferential Flow Pathways at the Floodplain Scale
GPR served as the main tool for the coarse-scale investigation of preferential flow pathways.
The majority of GPR radargrams showed either no identifiable structure or patchy, discontinuous 
reflectors. At only two locations (in the vicinity of wells 11 and 25) could channel-shaped 
reflectors be resolved in parallel surveys (Figures 16 and 17; Hawkins, 2003). The reflectors 
could be observed a maximum of 150m apart, and were not detected in subsequent parallel 
surveys. Presumably, if river-derived organisms gain access to the aquifer through preferential
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flow pathways, they migrate through continuous zones of high permeability leading from the river 
channel into the aquifer. Stoneflies and meiofauna have been recovered from wells 11 and 25, 
which were located more than % km from the river channel and less than 200m from Beaver 
Creek (B. Reid, personal communication). Solute concentrations at these two sites, however, are 
similar to those of ground water throughout the floodplain. Although hydraulic head data 
indicated that Beaver Creek water may recharge the aquifer at well 11, continuous temperature 
monitoring at four discrete depths in the well revealed no short-term variations from river water 
influence. These results suggest that zones with large pore spaces may exist near the two wells. 
However, I could not resolve their dimensions, degree of continuity, or link to surface waters.
Floodplain-wide GPR survey results suggest several possibilities regarding preferential 
flow zones. The high water table in 2002 (1-2m vs. 4-8m during the effort of Poole et al. (1997)) 
may have hampered acquisition of subsurface structure. GPR may not detect diffuse boundaries 
between different geological materials or poorly defined zones of large interconnected pore 
spaces (Poole et al. 1997). Equipment limitations and procedural problems may have limited 
subsurface interpretation. For example, antennae frequencies (100 and 200 mHz) may have 
been too low to resolve shallow subsurface features. Finally, a near-surface network of 
abandoned river channels may not contain zones of open latticework that are significantly 
different from the surrounding aquifer deposits. In this case, GPR would not detect subsurface 
channel-shaped targets such as those shown by Poole et al. (1997) and conceptualized by 
Stanford (1998).
Hydraulic conductivity of the floodplain may exert significant control on fluxes of water, 
solutes, and biota between and within the river channel and the hyporheic zone (Creuze de 
Chatetliers et al., 1994; Woessner, 2000; Stanford and Ward, 1993). Depending on the 
distribution of large diameter interconnected pore channels within the alluvium, organisms may or 
may not be able to move through the interstices. Floodplain permeability estimates (Appendix L) 
showed that hydraulic conductivity was not necessarily higher within suspected zones associated 
with GPR features thought to represent abandoned channels. Sediments surrounding Well 11,
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for example, (60 ± 20 m/d) were more permeable than in wells 4, 27, 12, RR, Dalimata Field, and 
Fence but less permeable than near wells 5, 13, and 14 (see Figures 5. 7, and 22 for locations). 
The permeability in the vicinity of well 11 is, however, within the range of hydraulic conductivity 
values observed for the Wally Creek and Control sites (see below). It is expected that zones of 
preferential flow will have higher permeability than the rest of the alluvial aquifer but these 
differences could not be resolved with the number and distribution of slug tests conducted.
Water quality and field parameters were not helpful in mapping high-hydraulic 
conductivity zones that may extend from the river into the floodplain. Water quality sampling 
during spring runoff or at other times of the year when large pulses of surface water recharge the 
aquifer may provide sufficient contrasts in water properties so that preferential flow zones will be 
discernable.
I also examined floodplain water temperatures for evidence of surface water infiltration 
since subsurface water temperature fluctuations may indicate high connectivity between surface 
and ground waters (Malard et al., 2001). Time series temperature data collected from Movie 
Road (Figures 22 and 23) show that ground water temperatures are affected by pulses of cold 
river water on a time scale of several days. Wells 2, 6, and 7 are located along a flood channel, 
which may be associated with preferential subsurface flow. Water quality of the river is similar to 
that of wells 6, 7, and RR. Unfortunately, no GPR surveys were completed at these locations. 
Results of the Movie Road investigation are Inconclusive. I did not observe the influence of river 
water temperature fluctuations at other wells throughout the valley-wide network (except the 
Wally wells; see below).
Wally Creek and Control Sites
Sediment structure was evident in GPR surveys perpendicular to the Wally Creek flood channel, 
but no channel-like features were obvious (Hawkins, 2003). The longitudinal transect (Figure 
25a) shows a concave upward reflector. Although the feature was detected in the longitudinal 
survey, the GPR line may have crossed the sinuous abandoned channel at an oblique angle.
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This feature may represent the interface between sand and the coarse gravel of a former 
riverbed.
I examined ground water flow directions and hydraulic conductivity values for evidence of 
high permeability zones When water encounters a zone of significantly higher permeability 
oblique to its flow direction, the flow path will shift so that the water flow becomes more parallel to 
the higher-permeability zone (Fetter, 1994). If the hydraulic conductivity of the Wally Creek flood 
channel sediments was significantly higher than at surrounding locations, ground water would 
flow toward and then along the creek until it discharged to Beaver Creek. This hypothetical 
scenario is shown in Figure 31. Poole (2000) suggested that discrete flow along paleochannels 
might occur "below locations where preferential pathways siphon water from the channel."
Hydraulic conductivity values, however, are not significantly different at the Wally Creek 
and Control sites (Appendix L), and do not support such a conceptual model. Instead, ground 
water encounters the Wally Creek channel at an oblique angle, passes through the channel, and 
continues in much the same direction under mature forest on the other side of the channel 
(Figures 24a and 24b). The water table maps suggest that water in Wally wells A through C 
infiltrated directly from the river along the shortest possible flowpath. Water flowing through wells 
D, D2, E, F, G, and G2 probably entered the aquifer from significant distances upstream.
The configuration of the water table presented in Figures 24a and 24b is supported by Rn and 
temperature data that indicate river water accounts for a large percentage of subsurface water 
within 30m of the channel (Wally wells A, B, and C), but mixes with large volumes of ground 
water of longer residence time within 90m of the channel (Appendix O). If the Wally Creek wells 
were oriented parallel to ground water flow, I would expect Rn concentrations to increase 
gradually to a steady-state concentration (Hoehn and von Gunten, 1989). However. Rn activity in 
wells A, B, and 0  is low (<6 Bq/L) but jumps to 18-20 Bq/L (concentrations that approach 
equilibrium values) in wells D, E, F, and G. These results further support hydrogeological data 
that indicate that the Wally Creek well transect does not lie along a ground water flow path, as 
might be expected if the Wally Creek sediments were significantly more permeable than the
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Figure 31. Conceptual Model of GW flow with a high hydraulic conductivity zone 
corresponding with the Wally Creek topographic depression. Dashed lines show 
hypothetical equipotential lines, and arrows show hypothetical ground water flow 
directions. Solid lines show actual equipotential lines based on hydraulic conductivity 
data. Radon and temperature results do not support this hypothetical model.
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surrounding alluvium. Water temperature fluctuations in the river propagated to wells A, B, and C 
within several days. Direct river influence could not be detected in wells D, D2, E, F, G, and G2 
although water temperatures fell gradually throughout fall 2002. Temperature results are 
consistent with hydraulic head and Rn data that indicate infiltrating river water flows at an angle to 
the Wally Creek wells.
Control well Rn and temperature data also support water table configurations. Rn 
concentrations in the Control wells (except well B) were elevated above river values by at least a 
factor of 2 (Appendix O). Examination of Figures 24a and 24b shows that ground water flows 
approximately perpendicular to the transect, and that water entering all of the wells traveled a 
greater distance from the river than to Wally wells A and B. Control well B had a lower Rn 
concentration than well A, which is surprising given the configuration of the water table. Ground 
water entering well B may follow a shorter flowpath than to well A. Additional hydraulic head data 
may indicate a more complex water table than that shown by Figures 24a and 24b. Control well 
water temperatures were consistent with water table maps, which indicated ground water flow 
perpendicular to the well transect. Temperatures decreased gradually, and no diurnal response 
was observed in subsurface temperatures. The source of surface water at the Control site is a 
side channel that, although perennial, carries significantly less flow than the main channel. This 
might also explain the lack of temperature fluctuations in the Control wells.
If the hyporheic zone is "the subsurface region of streams and rivers that exchanges 
water with the surface" (Valett et al., 1993), then this zone includes most of the sediments in the 
Nyack floodplain (under the assumption that basin-scale ground water inputs to the floodplain are 
minimal (Ellis et al., 2000)). Water level, Rn and temperature results confirm that the river's 
interaction with and influence on floodplain ground water is dynamic in space and time (Stanford 
and Ward, 1993), and affects some portions of the aquifer more than others. Data show that 
surface water does not directly infiltrate into the depression along Wally Creek past Wally well C 
(30m from the channel). Water in wells D, D2, E, F, G and G2 is derived from further upstream in 
the aquifer (Figures 24a and 24b). River water directly influences near-channel zones in the
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vicinity of Wally Creek, but exerts less control on the downstream reach of the flood channel 
depression. At the Wally Creek site, directly infiltrating river water represents a large percentage 
of hyporheic water in the first 30m. Further from the channel, longer residence times 
predominate.
Ground water velocity estimates at Wally Creek are quite high (3-60 m/d). According to 
Alley et al. (1999), a velocity of 1 ft/d (0.3 m/d) is considered high. Rates of ground water flow at 
Nyack are similar to velocities of 22-29 m/d in a floodplain of the Clark Fork River in Montana 
(Deborde et al., 1999). The estimates are somewhat higher than values obtained from the 
floodplain of the River Glatt, Switzerland (1-10 m/d), which consists of glaciofluvial outwash 
(Hoehn and von Gunten, 1989; Huggenberger et al., 1998). Estimates using temperature lag 
times may not be appropriate if other factors such as sediment thermal conductivity and heat 
capacity are variable (Lapham, 1989). Revised estimates of ground water velocity could be 
obtained using a well network located along a ground water flow path.
Fluvial Geomorphology of the Nyack Floodplain
The current braided channel and complex floodplain of the Middle Fork at Nyack (Figure 2) 
resulted from lateral migration of the river channel over long time periods (Stanford and Ward, 
1993). The downstream canyon walls create a knickpoint of resistant bedrock, preventing 
significant downcutting within the floodplain. The elevation of the upstream end of the floodplain 
is approximately 30m above the downstream end, suggesting that downcutting by the river is 
minimal compared to lateral migration. As the river migrated laterally across its floodplain over 
thousands of years, it undoubtedly created numerous abandoned channels, and many of these 
have been reworked and obscured by current surface depressions or flood channels. The whole 
upper veneer of the floodplain (down to the elevation of the bottom of the active channel) may 
have similar permeability and large interconnected pore spaces; the significance of more recent 
(near-surface) abandoned channels to the connectivity of the floodplain may be less than 
previously supposed (Ward et al., 2002). This depositional framework does not preclude the
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presence of avenues that allow movement of macroinvertebrates into and out of the aquifer; the 
alluvial architecture, however, is difficult to differentiate using standard hydrogeological 
approaches.
Conclusions and Recommendations
Studies of the Nyack floodplain have often referred to paleochannels as significant drivers of 
river-ground water interaction (Case, 1995; Harner. 2001; Poole, 2000; Poole et al., 1997; Poole 
et al., 2002; Stanford et al., 1994; Stanford and Ward, 1993). Quantitative measurements of the 
affects of these zones on advected channel water fluxes, water chemistry, and organism 
migration from the river could significantly advance our understanding of gravel floodplain 
ecology, and would require three-dimensional delineation of paleochannels. However, efforts to 
identify zones of preferential flow were unsuccessful at two scales of investigation during late 
summer and fall 2002. Using hydrogeological and geophysical methods, we could not detect a 
near-surface network of paleochannels as postulated by several researchers (Poole, 2000; Poole 
et al., 2002; Stanford et al., 1994; Stanford and Ward, 1993).
Possibly the hydrological and biological significance of preferential flow zones increases 
during periods of high and/or rapidly fluctuating river discharge. In riverine landscapes, the 
expansion and contraction of rivers sustains floodplain heterogeneity and connectivity (Ward et 
al., 2002). During periods of fluctuating discharge (for example, spring snowmelt runoff) large 
pulses of river water recharge the aquifer (Figure 23) and may suspend fine river bed sediments, 
allowing deposition of packages of grain-supported sand and gravel (Poole, 2000). Increased 
hydraulic gradients between the river and aquifer may highlight the contrast between preferential 
flow zones and the rest of the alluvium. Monitoring of the system during different hydrologie 
regimes may shed additional light on conceptualized preferential flow zones.
The significance of postulated paleochannels may be more easily detectable by drilling 
wells along a presumed ground water flow path. The distribution of permeable zones in 
floodplains correlates with depositional structure that is generally oriented parallel to the axis of
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the plain (Woessner, 2000). Poole (2000) suggested that the orientation of formerly active 
channels is likely a significant factor in determining the magnitude of subsurface water flux 
through them. This suggests that if paleochannels are present and parallel to the predominant 
groundwater flow direction, their influence may be greater than for oblique or perpendicular 
orientations. In this case, evidence of preferential flow would come from variations in water and 
sediment physical and chemical parameters and not from water table elevations since flow 
directions within the paleochannel would parallel the dominant ground water flow direction.
Additional investigations may help delineate preferential flow zones. Intensive GPR work 
using a higher frequency (e.g. 500 mHz) antenna may further elucidate subsurface structure 
within the floodplain, and could better resolve features that have already been located (Hawkins 
2003). GPR surveys could be concentrated near wells that capture large numbers of organisms. 
More precise hydraulic conductivity estimates (e.g., pumping tests with observation wells or 
pneumatic slug tests at vertically discrete intervals) may help differentiate coarse abandoned 
channel sediments from surrounding aquifer materials. Tracer tests using natural tracers (such 
as heat) and/or injected solutes (e.g., bromide) may prove useful at small scales (< 10m well 
spacing) once the flow system is well characterized. Tracer tests could be conducted at GPR- 
located preferential flow pathways and/or areas with large concentrations of macroinvertebrates. 
Video camera observations from clear plastic wells would allow visual confirmation of GPR data, 
hydraulic conductivity estimates, and tracer test results.
The hyporheic zone is a dynamic boundary between surface waters and ground waters, and is 
hydrologically, geomorphically, and biogeochemically complex. Ground water - surface water 
interaction may significantly affect floodplain landscapes, biodiversity, and bioproduction 
(Stanford and Ward, 1993; Ward et al., 2002). A vast array of organisms inhabits the interstitial 
environment, from biofilm to stoneflies. More detailed subsurface investigations within sediments 
containing large fauna may provide evidence of zones of preferential flow and provide a measure 
of their impact on the hydrology and biogeochemistry of large gravel bedded rivers.
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Appendix A. Well construction, installation, and development details
S ite  N u m S ite  N a m e D e p th  C a s in g  D e s c r ip t io n
B C P Ô 0 0 1 4 N y a c k  1 8 .3 6  2 .54cm  nom inal diam eter schedule 4 0  P V C
B C P 0 0 0 1 5 N y a c k  2 4 .8 8  2 .54cm  nominal d iam eter schedule 4 0  P V C
B C P 0 0 0 1 6 N y a c k  3 6 .0 9  2 .54cm  nominal d iam eter schedule 4 0  P V C
B C P O O O i f N y a c k  4 2 .8 3  2 .54cm  nominal diam eter schedule 4 0  P V C
B C P 0 0 0 1 8 N y a c k  5 4 .5 9  5 .08cm  nominal diam eter schedule 4 0  P V C
B C P 0 0 0 1 9 N y a c k  6 3 .5 4  1 .25 inch-nom inal steel; actual inside d iam eter is 35m m
B p P 0 0 0 2 0 N y a c k  7 3 .0 6  1 .25 inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 2 Î N y a c k  8 3 .0 6  1 25  inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 2 2 N y a c k  9 2 .8 0  1.25 inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 2 3 N y a c k  1 0 4 .3 6  1 .25 inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 2 4 N y a c k  11 5 .8 7  5 .08cm  nom inal d iam eter schedule 4 0  P V C
B C P O O d 2 5 N y a c k  1 2 3 .6 1  1 .25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 2 6 N y a c k  1 3 3 .5 8  1 .25 Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 2 7 N y a c k  1 4 3 .2 4  1.25 Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 2 8 N y a c k 1 5 2 .9 3  1.25 Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 2 9 N y a c k  1 6 3 .2 4  1.25 Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 3 0 N y a c k  1 7 3 .3 3  1.25 Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 3 1 N y a c k  1 8 3 .5 5  1 25  Inch-nom inal steel; actual Inside d iam eter Is 35m m
B C P 0 0 0 3 2 N y a c k  1 9 3 .6 0  1.25 Inch-nom inal steel; actual Inside d iam eter is 35m m
B C P 0 0 0 3 3 N y a c k  2 0 3 .1 1  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 3 4 N y a c k  21 3 .4 0  1.25 inch-nom inal steel, actual inside d iam eter is 35m m
B C P 0 0 0 3 5 N y a c k  2 2 2 .9 5  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 3 6 N y a c k  2 3 3 .2 7  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 3 7 N y a c k  2 4 3 .0 7  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 3 8 N y a c k  2 6 5  1 8  5 .08cm  nominal diam eter schedule 40  P V C
B C P 0 0 0 3 9 N y a c k  2 6 3 .5 2  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 7 9 N y a c k  2 7 3 .4 0  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 8 0 N y a c k  2 8 3 .0 5  1.25 Inch-nom inal steel; actual inside d iam eter is 35m m
B C P 0 0 0 4 0 D a l im a ta  fie ld 4 .4 0  5 .08cm  nominal diam eter schedule 4 0  PVC ; screw-top square cap
B C P 0 0 Q 4 1 T in h o rn 5 .6 7  5 .08cm  nominal diam eter schedule 4 0  PVC ; screw-top square cap
B C P 0 0 0 4 2 S a r g e n t  S o u th 2 .9 9  5 .08cm  nominal diam eter schedule 4 0  PVC ; screw-top square cap
B C P 0 0 0 4 3 S a r g e n t  N o rth 7 .1 7  5 .08cm  nominal diam eter schedule 4 0  PVC ; screw-top square cap
B C P 0 0 0 4 4 R R 7 .4 2  5 .08cm  nominal d iam eter schedule 4 0  P V C ; screw-top square cap
B C P 0 0 d 4 5 F e n c e 7 .5 3  5.08cm  nominal diam eter schedule 4 0  P V C ; screw-top square cap
B C P 0 0 0 4 6 D O T  3 5 1 1 .0 6  152m m  (6 inch) steel casing; well cap Is fastened with six bolts
B C P 0 0 0 4 8 H ill 1 1 .9 0  127m m  {5 inch) steel casing; alum inum  top
B C P 0 0 0 4 9 W h e e le r 1 2 .2 0  127m m  (5 inch) steel casing; access w ater level though small plastic cap
B C P 0 0 0 5 0 G W R  L G 4 9 . 0 0  178m m  (7 inch) steel casing;
B C P 0 0 0 5 1 G W R  S M 1 1 .6 0  152m m  (6 inch) steel casing
B C P 0 0 0 5 2 W a l îy  A 2 .4 7  M ultipurpose 5.08cm  nominal schedule 40  P V C
B C P 0 0 0 7 0 W a l ly  A 2 7 .3 6  1.9cm  nominal CPVC; potyethelene tubing Is 5 .23m  deep
B C P 0 0 0 5 3 W a l ly  B 2 .6 4  Multipurpose 5.08cm  nominal schedule 40  PV C
B C P 0 0 0 5 4 W a l ly  C 2 .6 1  M ultipurpose 5.08cm  nominal schedule 40  PVC
B C P 0 0 0 7 1 W a l ly  C 2 5 .9 7  1.9cm  nominal CPVC; potyethelene tubing Is 3 .84m  deep
B C P 0 0 0 5 5 W a l ly  b 3 .8 3  Multipurpose 5.08cm  nominal schedule 40  PVC
B C P 0 0 0 7 2 W a l ly  D 2 5 .6 3  1 9cm  nominal CPVC; potyethelene tubing is 3 .50m  deep
B C P 0 0 0 5 6 W a l ly  E 2 .4 2  M ultipurpose 5.08cm  nominal schedule 40  PVC
B C P 0 0 0 5 7 W a l ly  F 2 .4 1  Multipurpose 5 .08cm  nominal schedule 40  PV C
B C P 0 0 0 5 8 W a l ly  G 2 .3 2  Multipurpose 5 .08cm  nominal schedule 40  PV C
B C P 0 d b 7 3 W a l l y G 2 5 .4 0  1 .25 inch-nom inal steel; actual inside d iam eter is 35m m
B C P 66 674 1 C o n tr o l À 1 3 .0 3 1 5 .08cm  nom inal d iam eter schedule 40  P V C
B C P 0 d 0 7 5 ^ C o n t r o l s i 3 . 0 3 15.08cm nom inal d iam eter schedule 40  P V C
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BCP00081 BC Gage A
BCP00082 BC Gage B
BCP00083 BC Gage C
BCP00084 BC Gage D
BCPo6o85 MF Gage E
BCP00086 MF Gage F
BCP00087 MF Gage H









3.88 5 .08cm  nominal diam eter schedule 4 0  PVC 
3 .74 5 .08cm  nomjnal diam eter schedule 4 0  P V C  
2.51 5 .08cm  nominal diam eter schedule 4 0  PVC 
NA rebar ham m ered into stream bed  
I NA ' rebar ham m ered into stream bed
NA rebar ham m ered into stream bed  
! NA ; rebar ham m ered into stream bed
NA rebar ham m ered into stream bed  
NA rebar ham m ered into stream bed  
NA rebar ham m ered into stream bed  
N A  rebar ham m ered into stream bed  
N A  staff plate  
N A  staff plate  
NA staff plate  
NA staff plate  
NA surface w ater  
NA surface water 
NA surface water
Depth Total well depth (m)
Site Num Site number in Flathead Lake Biological Station’s Biocomplexity project
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Site Name ‘Development Procedure
N y a c k  1 ! pum ped until clear w ater ernerged; ho s^ d id  n<^ ^  a l l j ^  w ay to t ^ b o ^ m  j6 /2 9 /0 2 )
N y a c k  2  none
N y a c k  3  pum ped with diaphragm  pum p until c lear {6 /13 /02 )
N y a c k  4  pum ped with diaphragm  pum p until dry (6 /29 /02 )
N y a c k  5  pum ped with diaphragm  pum p until clear w ater em erged (6 /1 3 /0 2 )
N y a c k  6  surge block and pump (7 /22 /02)
N y a c k  7  surge block and pump (7 /22 /02)
N y a c k  8  none
N y a c k  9  surge block and pump (6 /12 /02)
N y a c k  1 0  pum p only (well bent) (7 /22 /02 )
N y a c k  11 pum ped for 15 m inutes with gas-pow ered diaphragm  pump (8 /3 /0 2 )
N y a c k  1 2  surge block and pump (6 /29 /02)
N y a c k  1 3  surge block and pump (6 /29 /02)
N y a c k  1 4  surge block and pump (6 /29 /02)
N y a c k  1 5  significant resistance ~ 2 .5  m underground bent the well: pum ped 6 /2 9 /0 2
N y a c k  1 6  surged and pum ped four tim es (6 /27 /02 )
N y a c k  1 7  surge block and pump 6 /2 7 /0 2
N y a c k  1 8  surge block and pump 6 /2 9 /0 2
N y a c k  1 9  pum ped for - 7  m inutes w /o stopping until c lear (6 /13 /02); surge block and pump (6 /2 7 /0 2 )
N y a c k  2 0  surge block and pump (6 /12 /02 )
N y a c k  21 surge block and pump (6 /12 /02 )
N y a c k  2 2  surge block and pum p (6 /27 /02); 4m m  gravel pum ped up; screen m ay have broken
N y a c k  2 3  surge block and pum p (6 /12 /02 )
N y a c k  2 4  surge block and pum p (5 /21 /02 )
N y a c k  2 5  pum ped for 8 m inutes with gas-powered diaphragm  pump (8 /3 /0 2 )
N y a c k  2 6  surged and pum ped twice (6 /27 /02)
N y a c k  2 7  surged with rubber stopper and pumped with hand diaphragm  pum p (still muddy)
N y a c k  2 8  surged with rubber stopper and pum ped with hand diaphragm  pum p until clear
D a l im a ta  f ie ld  gas diaphragm  pump at m edium  speed for 5 minutes
T in h o rn  gas diaphragm  pump at m edium  speed for 5 m inutes
S a rg e n t  S o u th  gas diaphragm  pump at m edium  speed for 5 m inutes
S a rg e n t  N o r th  gas diaphragm  pump at m edium  speed for 5 m inutes
R R  gas diaphragm  pump at m edium  speed for 5 m inutes
F e n c e  gas diaphragm  pump at m edium  speed for 5 m inutes
D O T  3 5  surged with air for 2 hours at flow rate of 114 L/min with 2 m of drawdown (12 /24 /96 )
H ill surged with air for 4 hours at 95 L/min with 2 m o f drawdown (8 /9 /7 3 )
W h e e le r  surged with air for 2  hours at 151 L/min w ith 3  m of drawdown (8 /3 1 /8 7 )
G W R  L G  pum ped for 16 hours at 379  L/min with 9 m of drawdown (11 /23 /81 )
G W R  S M  unknown
W a lly  A  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  A 2  pum ped until field parapem eters stabilized prior to water quality sampling
W a lly  B  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  C  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  C 2  pum ped until field param eters stabilized prior to water quality sam pling
W a lly  0  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  D 2  pum ped until field param eters  stabilized prior to water quality sam pling
W a lly  E  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  F  gravel plug and bentonite cap; gas diaphragm  pump at m edium  speed for 5 minutes;
W a lly  G  gravel plug and bentonite  c g i^ g a s  diaphragm  pump at m edium  speed for 5 minujtes;
W a lly  G 2  surged with rubber stopper a nd pum ped with hand diaphragm  pum p until[clear
C o n tro l A  gravel plug and bentonite c^p; ga^d iap hragn i pump a^m edium  speed for 5 mirujtes
C o n tro l 8  gravel plug and bentonite cap; gas diaphragm  pum p at m edium  speed for 5 minutes
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Site Name Development Procedure
C o n tro l C  gravel plug and bentonite cap; gas diaphragm  pum p a t m edium  s p e e d e r  5 m inutes
C o n tro l 0  gravel plug and bentonit^ cap; j a s  d iaphragm pum p a t m edium  speed for 5 m inutes
C o n tro l E gravel plug and bentonite cap; gas diaphragm  pum p a t m edium  speed for 5 m inutes
BC Gage À NA
BC Gage B NA
BC Gage C NA
BC Gage D NA
MF Gage E NA
MF Gage F NA
MF Gage H NA
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Site Name Open Area
N y a c k  1 approxim ately 25  (0  16cm  x 0 .95cm ) perforations on lower 13cm  of well; surrounded by paint screen
N y a c k  2  approxim ately 2 5  (0 .1 6cm  x 0 .95cm ) perforations on lower 13cm  o f well; surrounded by paint screen
N y a c k  3  approxim ately 25  (0 16cm  x 0 .95cm ) perforations on lower 13cm  o f well; surrounded by paint screen
N y a c k  4  approxim ately 25  (0 .1 6cm  x 0 .95cm ) perforations on lower 13cm  o f well; surrounded by paint screen
N y a c k  5  approxim ately 25  (0  16cm  x 0 .95cm ) perforations on lower 13cm  of well; surrounded by paint screen
N y a c k  6  68  cm  o f 60  gauze (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  7  68  cm  of 6 0  gauze  (0 25m m ) stainless steel screen at bottom  of well
N y a c k  8  68  cm of 60  gauze  (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  9  68  cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  1 0  68 cm  of 60  gauze (0 25m m ) stainless steel screen at bottom  of well
N y a c k  11 size 30  slots with larger slots cut with circular saw; bottom cap has 8 x 6 35m m  holes and 4 x im m  x 2cm  slots
N y a c k  1 2  61 cm  of 60  gauze  (0 25m m ) stainless steel screen at bottom  of well
N y a c k  1 3  61 cm  of 60  gauze  (0 25m m ) stainless steel screen at bottom of well
N y a c k  1 4  6 1 cm  of 6 0  gauze (0 .25m m ) stainless steel screen at bottom of well
N y a c k  1 5  61 cm of 60  gauze (0 .25m m ) stainless steel screen at bottom of well
N y a c k  1 6  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom of well
N y a c k  1 7  6 i  cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  o f well
N y a c k  1 8  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  o f well
N y a c k  1 9  6 1 cm  of 6 0  gauze  (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  2 0  61 cm  of 6 0  gauze  (0  25m m ) stainless steel screen at bottom of well
N y a c k  21 61 cm  of 60  gauze  (0 25m m ) stainless steel screen at bottom of well
N y a c k  2 2  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom of well
N y a c k  2 3  61 cm  of 60  gauze  (0  25m m ) stainless steel screen at bottom  of well
N y a c k  2 4  61 cm  of 60  gauze  (0 25m m ) stainless steel screen at bottom of well
N y a c k  2 5  size 30  slots with larger slots cut with circular saw; bottom cap  has 8 x 6 .35m m  holes and 4 x im m  x 2cm  slots
N y a c k  2 6  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  2 7  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  of well
N y a c k  2 8  6 2  cm  of 60  gauze  (0 ,25m m ) stainless steel screen at bottom  o f well
D a l im a ta  fie ld  slotted with circular saw  from bottom to 0 .50m  from top of casing
T in h o rn  slotted with circular saw from bottom to 0 .50m  from top of casing
S a rg e n t  S o u th  slotted with circular saw from bottom to l.0 7 m  from top of casing
S a rg e n t  N o rth  slotted with circular saw  from bottom to 1.35m  from top of casing
R R  slotted with circular saw  from bottom to 1.58m  from top of casing
F e n c e  slotted with circular saw  from bottom to 1.40m  from top of casing
D O T  3 5  0 .46  m of 0 .64  cm  X 7 .6  cm slots
H ill unknown
W h e e le r  o.61 m of 0 .6 4  cm  x 15 cm slots
G W R  L G  open bottom
G W R  S M  unknown
W a lly  A  20 slot (42m m  long slots) from bottom  to 1m below surface; cap on bottom with 4 x 0 .64cm  holes
W a lly  A 2  20 x 0 .3 175cm  holes on the bottom 7 .6cm  of well; po lyethelene tube is open ended with 3 x 3m m  holes
W a lly  B 0 5 cm  drill holes Q .17-2 .07m  from bottom; 20 slot (42m m  long) to 1m  below surface;
W a lly  C  20 slot (42m m  long slots) to 1 m below surface; cap on bottom  with 4 x 0 .64cm  holes
W a l ly  C 2  20 X 0 .3175cm  holes on the bottom 7 .6cm  of well; polyethelene tube is open ended with 3 x 3m m  holes
W a l ly  D  20 slot (42m m  long slots) to 1 m below surface; cap on bottom  with 4  x 0 ,64cm  holes
W a l ly  D 2  20 x 0 .3 l7 5 c m  holes on the bottom 7 .6cm  of well; polyethelene tube is open ended with 3 x 3m m  holes
W a l ly  E  20 slot (42m m  long slots) to 1m below surface; cap on bottom  with 4  x 0.64cm  holes
W a l ly  F  21 slot (42m m  long slots) to 1m below surface; cap on bottom  with 4  x 0 .64cm  holes
W a l ly  G  22 slot (42m m  long slots) to 1m below surface: cap on bottom  with 4  x 0 .64cm  holes
W a l ly  G 2  61 cm  of 60  gauze  (0 .25m m ) stainless steel screen at bottom  of well
C o n tro l A  1 52m  of slot # 1 0 0  (0  254cm ) slots at bottom, blank 5 .08cm  P V C  at top; cap on bottom with 4 x 0 .64cm  holes
C o n tro l B  1 52m  of slot # 10 0  (0 .254cm ) slots at bottom , blank 5 .08cm  P V C  at top; cap on bottom with 4 x 0 .64cm  holes
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Site Name ■ Open Area
Control C 3.05m  of slot # 1 0 0  (0 .254cm ) slots at bottom, blank 5 .0 8 cm  P V C  at top; bottom cap has 4 x 0 ,64cm  holes
Control D 3.05m  of slot # 1 0 0  (0 .254cm ) slots at bottom, blank 5 .08cm  PVC at top; bottom cap has 4 x 0 .64cm  holes
Control E 1.52m  o f slot # 1 0 0  (0 .2 5 4c m ) slots at bottom, blank 5 .0 8 cm  P V C  at top; bottom cap has 4 x 0 .64cm  holes
BC Gage A NA
BC Gage B NA
BC Gage C NA
B̂ C Gage D NA
MF Gage E NA
MF Gage F NA
MF Gage H NA









Appendix B. Site location information
Site Num FlatDat Site Name Type Date Northing Easting
BCP00014 TMP02016 Nyack 1 W 10/29/2001 5369907 28 292211.45
BCP00015 NA Nyack 2 W 10/29/2001 5369841.00 292281 00
BCP00016 TMP02031 1 Nyack 3 ;W 10/29/2001 5370588.80 292108.37
BCP00017 TMP02032 Nyack 4 W 10/29/2001 5370588 57 292108.09
BCP00018 TMP02033 Nyack 5 W 10/29/2001 5370588 34 292107.78
BCP00019 TMP02020 Nyack 6 ;W 11/20/2001 5369996 09 292269.06
BCP00020 TMP02018’ Nyack 7 W 11/20/2001 5369885.85 292262 02
BCP0602I NA Nyack 8 W 11/20/2001 ■ 5369831.00 292297.00
BCP00022 TMP02017 Nyack 9 !W 11/20/2001 : 5369800.93 292279.87
BCP00023 TMP02019 Nyack 10 W 11/20/2001 5369959 81 292242.12
BCP00024 TMP02037 Nyack 11 !W 7/30/2002 5371635 78 291186.28
BCP00025 TMP02073 Nyack 12 W 6/29/2002 5373696.94 290009.79
BCP00026 TMP02072 Nyack 13 W 6/29/2002 5373764.58 290306.68
BCP00027 TMP02026 Nyack 14 W 5/21/2002 5372802 54 290252.80
BCP00028 NA Nyack 15 W 5/21/2002 5373161 41 290584.86
BCP00029 TMP02067 Nyack 16 W 6/13/2002 5371747.35 291702.61
BCP00030 TMP02028 Nyack 17 W 6/13/2002 5372212.04 291594.93
BCP00031 TMP02022 Nyack 18 w 5/20/2002 5371770.24 290834.28
BCP00032 TMP02021 Nyack 19 w 6/13/2002 5372445.17 290952.62
BCP00033 TMP02036 Nyack 20 w 5/20/2002 5371315 46 291434.89
BCP00034 TMP02035 Nyack 21 w 6/ 12/2002 5370942.88 291908.36
BCP00035 TMP02029 Nyack 22 w 6/13/2002 5371210.08 292163.70
BCP00036 TMP02071 Nyack 23 w 5/21/2002 5370584.14 291745.06
BCP00037 TMP02013 Nyack 24 w 5/21/2002 5369549.30 291929.56
BCP00038 TMP02034 Nyack 25 w 7/30/2002 5370671.67, 291976.77
BCP00039 TMP02030 Nyack 26 iw 6/13/2002 5370817.53 292416.19
BCP00079 TMP02040 Nyack 27 w 9/9/2002 5371433.36 291795.95
BCP00080 TMP02039 Nyack 28 w 9/9/2002 5371426.95 291847.81
BCP00040 TMP02038 Dalimata field BW 4/23/2002: 5370530.60 292039.44
BCP00041 TMP02027 Tinhorn BW 4/23/2002 5372612 21 290416.23
BCP00042 TMP02025 Sargent South BW 4/23/2002 5373238.17 290726.43
BCP00043 TMP02024 ; Sargent North BW 4/23/2002 5373280.83 290734.93
BCP00044 TMP02014 RR BW 5/29/2002 5370003.00 291909.00
BCP00045 TMP02015 Fence BW 4/9/2002 5369907.21 292208.43
BCP00046 TMP02023 DOT 35 DW 5/21/2002 5371561 83 290800.34
BCP00048 NA Hill ' DW 6/28/2002 5369024 87 292338.45
BCP00049 TMP02075 Wheeler DW 6/29/2002 5373168.71 290004.59
BCP00050 TMP02076 GWR LG DW 5/20/2002 5370089.31 291098.66
BCP00051 NA GWR SM DW 5/20/2002 5370061 48 291063,62
BCP00052 TIVtP02045 Wally A W 8/20/2002 5371590.05 291846.18
BCP00070 TIVIP02Û46 Wally A2 W 9/9/2002 5371591 00 291839.00
BCP00070 TMP02047 Wally A2 up ;W 9/9/2002 5371591.00 291839.00
BCP00053 TMP02048 Waliy B W 8/20/2002 5371588.85 291832.54
BCP00054 TMP02049 Wally C W 8/20/2002 5371595 88 291818.70
BCP00071 TMP02051 Wally C2 W 9/9/2002 5371599.00 291815.00
BCP00071 TMP02050 Wally C2 up W 9/9/2002 5371599.00 291815.00
BCP00055 TMP02052 Wally D W 8/21/2002 5371601.6 Ï 291768 01
BCP00072 TMP02053 Wally D2 W 9/9/2002 5371586 66 291724.00
BCP00072 TMP02054 Wally D2 up W 9/9/2002 5371586.00 291724.00
BCP00056 TMP62055 Wally E w...... 8/21/2002 5371573.88 291718.21
BCP00057 TMP02058 Wally F W 8/21/2002 5371556.65 291634.66
BCp 60058 fMP”02059 Wally G W 8/21/2002 5371564.13 291568.39
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Site Num FlatOat Site Name Type Date Northing Easting
BCP00073 TMP02061 Iw a lïy  G2 iW 9/6/2002’ 5371566.06 2 ^  56876
BCP00074 fM P02064 Control A ;w j ■ 9/ 10/2002; 5371801.87 291823.19
BCP00075 fM P02065 Control B ;W 9/10/2002 '5371807'46 291797.48
BCPOOOT'S TMP02066 ; Control C !W 9/ 10/2662 5371775.46 ' 291744.42
BCP00077 TMP02069 Control D jw 9/ 10/2662 5371725,53 291642,41
BCP00078 TMP02070 Control E W 9/10/2002 537170815 291598.46
BÇP00081 NA BC Gage A SG 8/13/2002 5371909 84 291117.59
BCP00082 NA BC Gage B SG 8/13/2002 5371583 87 291307.14
BCP00083 NA BC Gage C SG 8/13/2002 5371529 02 291337.29
BCP00084 NA BC Gage D SG 8/14/2002 5371469.22 291581.84
BCP00085 NA MF Gage E SG 8/14/2002 5371607.90 291845.38
BCP00086 NA MF Gage F SG 8/14/2002 5371476.30 291953 23
BCP00087 NA ; MF Gage H SG 8/30/2662 5371825.72 291841 77
BCP00088 NA BC Gage J SG 8/30/2002 5371242.12 291784.89
BCP00089 NA BC Pouliot Gage SG 11/20/2001 5370537.33 292181.87
BCP00090 NA BC Gage Camp SG 9/8/2002 5372132.23 291329.37
BCP00091 NA Cascadilla SG 4/9/2002 5367320.62 294646.07
BCP00092 NA Ouzel SG 4/23/2002 5374979.71 288351.77
BCP00093 TMP02062 Wally Creek SW 9/28/2662 5371593.60 291531.00
BCP00094 TMP02063 Beaver Creek SW 9/28/2062 5371529.02 291337 29
BCP00095 TMP02044 Middle Fork SW 9/28/2662 5371607 90 291845.38
BCP00033 TMP02041 Nyack 20 D FD 10/ 12/2602 5371315.46 291434,89
BCP00033 TMP02042 Nyack 20 B FB 10/ 12/2002 5371315.46 291434,89
BCP00040 TMP02043 Dalamata field well D FD 10/ 12/2002 5370530.60 292039.44
BCP00056 TMP02057 Wally E D FD 9/28/2002 5371573.88 291718.21
BCP00029 TMP02068 Nyack 16 D FD 9/29/2002 5371747.35 291702.61
BCP00025 TMP02074 Nyack 12 D FD 10/ 12/2602 5373696.94 290009.79
BCP00093 TMP02060 Wally Creek B !FB 9/28/2002 5371593.00 291531.00
W Well drilled for this project







All sites are in UTM zone 12; Datum = NAD 83
Flatdat Site number in Flathead Lake Biological Station's "FlatDat" water quality database
Site Num Site number in Flathead Lake Biological Station's Biocomplexity project
Elevation Well casing elevation
Elevations of staff plates are at the "0.00" mark; elevations of rebar gages are at the top of the rebar
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Site Name , Elevation Location Device Location Description
Nyack 1 1 0 1 9 .3 9  Trim ble 5700  G P S near Fence well at end o f M ovie road
Nyack 2 unknown Garmin G P S  12 off M ovie  Road at edge of primary M iddle Fork channel
Nyack 3 1 0 1 5 ,6 3  Trim ble 5700 G P S south bank of B eaver Springbrook at fenceline; nest of three wells
Nyack 4 1 0 1 5 .6 3  Trim ble 5700  G P S south bank of B eaver Springbrook at fenceline; nest of three wells
Nyack 5 1 0 1 5 .5 0  Trim ble 5700  G P S south bank of B eaver Springbrook at fenceline; nest o f three wells
Nyack 6 1 0 1 8 .2 7  Trim ble 5700  G P S off M ovie Road near swim hole pond
Nyack7 1 0 1 8 .5 7  Trim ble 5 700  G P S off M ovie Road
Nyack 8 unknown Garm in G P S  12 M iddle Fork left bank off Movie Rd. - p resum ed lost due to flooding
Nyack 9 1 0 1 9 .7 8  Trim ble 5 7 0 0  G P S On top of bench between R R  turnaround at end of M ovie  Rd.
Nyack 10 1 0 1 8 .4 5  Trim ble 5700  G P S near end o f M ovie Rd.
Nyack 11 1 0 1 2 .0 7  Trim ble 5700  G P S near gate  between m eadow and road to upstream  pasture
Nyack 12 1 0 0 6 .3 5  Trim ble 5700  G P S John W h eeler's  property (west)
Nyack 13 1 0 0 6 .2 3  Leica T C 6 0 0  T .S John W h eeler's  property (east)
Nyack 14 1 0 0 9 .1 7  Trim ble 570 0  G P S S argent's  pasture area near Tinhorn well
Nyack 15 1 0 0 8 .9 6  Trim ble 5700  G P S Sargent's pasture area
Nyack 16 1 0 1 3 .3 9  Trim ble 5 70 0  G P S East o f B eaver C reek, SE of cam psite, in m ature  forest
Nyack 17 1 0 1 1 .7 1  Trim ble 5700  G P S East o f B eaver C reek, NE o f cam psite, in m ature  forest
Nyack 18 1 0 1 1 .8 3  Trim ble 5700  G P S W e s t side of Dalim ata hay field near Hwy In cottonwood stand
Nyack 19 1 0 1 0 .8 0  Trim ble 5700  G P S East side of D alim ata hay field under evergreen tree with m issing top
Nyack 20 1 0 1 3 .8 1  Trim ble 5700  G P S near road between upstream  and downstream  pastures along fenceline
Nyack 21 1 0 1 4 .6 4  Trim ble 5700  G P S D alim ata  upstream  pasture under huge single cottonwood
Nyack 22 1 0 1 4 .4 4  Trim ble 5700  G P S East o f B eaver C reek
Nyack 23 1 0 1 5 .5 4  Trim ble 5 70 0  G P S near Pouliot springbrook
Nyack 24 1 0 1 9 .4 1  Trim ble 5 70 0  G P S near R ed Eagle; opposite side of Hwy 2 from R R  tracks
Nyack 25 1 0 1 5 .4 1  Trim ble 5700  G P S upstream  pasture
Nyack 26 1 0 1 5 .7 6  Trim ble 5 70 0  G P S East o f B eaver C reek
Nyack 27 1 0 1 3 .7 2  Leica T C 6 0 0  T .S . approx 150m  north of W aliy  C reek in m ature forest
Nyack 28 1 0 1 3 .8 6  Leica T C 6 0 0  T .S . approx. 150m  north of W ally  C reek  in m ature forest
Dalimata field 1 0 1 6 .1 7  Trim ble 5 70 0  G P S W e s t of B eaver C reek near Pouliot's fenceline
Tintiorn 1 0 0 9 .7 1  Trim ble 5 70 0  G P S next to loose culvert on the way to Sargent's pasture
Sargent South 1 0 0 9 .9 7  Trim ble 5 70 0  G P S S argent's  Pasture near 2001 trailer site
Sargent North 1 0 0 8 .8 5  Trim ble 5 70 0  G P S S argent's  Pasture near 2001 trailer site
RR 1 0 1 7 .8 5  Garm in G P S  12 near beginning of M ovie Rd east of Railroad tracks
Fence 1 0 1 9 .2 4  Trim ble 5 70 0  G P S end o f M ovie Rd. near Nyack 01 well
DOT 35 1 0 1 2 .8 3  Trim ble 5 70 0  G P S D epartm ent of Transportation m aintenance facility well
Hill 1 0 2 2 .4 1  Trim ble 5700  G P S well is near Red Eagle railroad site
Wheeler 1 0 0 8 .4 4  Trim ble 5 700  G P S first driveway north from Hwy 2 after M ocassin C reek  access
GWR LG 1 0 1 8 .5 7  Trim ble 5 700  G P S G lacier W ilderness Resort; large pump house behind swim m ing pool
GWR SM 1 0 1 8 .7 8  Trim ble 5 70 0  G P S G lacier W ilderness Resort backup well; well is in small pump house
Wally A 1 0 1 3 .1 4  Trim ble 5700  G P S W ally  C reek
Wally A2 u n k n o w n  G arm in G P S  12 W ally  C reek
Wally A2 up u n k n o w n  G arm in G P S  12 W ally  C reek
Wally B 1 0 1 3 .1 0  Trim ble 5700  G P S W ally  C reek
Wally C 1 0 1 3  1 2  Trim ble 5700  G P S W ally  C reek
Wally 02 u n k n o w n  Garmin G P S  12 W ally  C reek; east of road; multilevel well
Wally 02  up u n k n o w n  Garm in G P S  12 W ally  C reek; east of road; multilevel well
Wally D 1 0 1 3 .0 9  Trim ble 5700  G P S W ally  C reek
Wally D2 u n k n o w n  Garm in G P S  12 W ally  C reek; multilevel well
Wally D2 up u n k n o w n  Garmin G P S  12 W ally  C reek; multilevel well
Wally E 1 0 1 2 .2 5  Trim ble 5 70 0  G P S W ally  C reek
Wally F 1 0 1 2 .0 9  Trim ble 5700  G P S W ally  C reek
Wally G 1 0 1 2 .0 6  Trim ble 5 700  G P S W ally  C reek
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S ite  N an n e E le v a t io n  L o c a tio n  D e v ic e
W a lly  G 2 1 0 1 2 .1 0  Trim ble  5700 G P S
C o n tro l A 1 0 1 3 .1 6  Leica T C 6 00  T.S.
C o n tro l B 1 0 1 3 .2 0  Leica T C 6 0 0  T.S.
C o n tro l C 1 0 1 3 .4 4 .  Leica T C 6 00  T .S .
C o n tro l D 1 0 1 2 .9 5  Leica T C 6 0 0  T.S.
C o n tro l E 1Ô Ï 3 .0 7  Leica T C 6 0 0  T .S .
B C  G a g e  A 1 0 1 0 .1 0  Trim ble  5700 G P S
B C  G a g e  B 1 0 1 0 .4 6  Trim ble 5700 G P S
B C  G a g e  C 1 0 1 0 .7 6  Trim ble  5700 G P S
B C  G a g e  D 1 0 1 1 .1 9  Trim ble 5700 G P S
M F  G a g e  E 1 0 1 1 .5 8  Trim ble  5700 G P S
M F  G a g e  F 1 0 1 1 .6 5  Trim ble 5700 G P S
M F  G a g e  H 1 0 1 0 .9 9  Trim ble 5700 G P S
B C  G a g e  J 1 0 1 2 .0 3  Trim ble 5700  G P S
B C  P o u lio t G a g e 1 0 1 2 .7 0  Trim ble 5700 G P S
B C  G a g e  C a m p 1 0 0 9 .5 8  Trim ble  5700 G P S
C a s c a d il la 1 0 2 8 .7 0  Trim ble 5700  G P S
O u z e l 9 9 8 .3 5  Trim ble 5700 G P S
W a lly  C re e k u n k n o w n  G arm in G P S  12
B e a v e r  C r e e k 1 0 1 0 .7 6  Trim ble 5700  G P S
M id d le  F o rk 1 0 1 1 .5 8  Trim ble 5700  G P S
N y a c k  2 0  D 1 0 1 3 .8 1  Trim ble  5700  G P S
N y a c k  2 0  B 1 0 1 3 .8 1  Trim ble  5700  G P S
D a la m a ta  f ie ld  D 1 0 1 6 .1 7  Trim ble 5700  G P S
W a lly  E  D 1 0 1 2 .2 5  Trim ble 5700  G P S
N y a c k  1 6  D 1 0 1 3 .3 9  Trim ble 5700  G P S
N y a c k  1 2  D 1 0 0 6 .3 5  Trim ble 5700 G P S
W a lly  C r e e k  B u n k n o w n  G arm in G P S  12
Location Description 
W ally  C reek; adjacent to W ally  G 
approx. 150m  north of W ally  C reek  In m ature forest 
approx. 150m  north of W ally  C re e k  in m ature forest 
approx. 150m  north of W ally  C reek  in m ature forest 
approx. 150m  north of W ally  C reek  in m ature forest 
approx. 150m  north of W ally  C reek  in m ature forest 
B eaver C reek
B eaver C reek /W a lly  Springbrook confluence  
B eaver C reek  approx. 20 m upstream  of W ally  SB  confluence  
B eaver C reek  upstream from BC G age C 
M iddle Fork at head of W atly's Springbrook  
M iddle Fork upstream  from W ally's  Springbrook  
. M iddle Fork D /S  W ally's SB; D /S  beaver-chew ed cottonwood stump 
B eaver C reek  between upper crossing and borrow pit 
B eaver C reek  near W ells  3-5  
B eaver C reek  downstream  from 2 0 0 2  cam psite  
U pstream  M F F H  G age  
D ow nstream  M FFH  G age  
Beginning of surface flow at W ally  C reek  
B eaver C reek  at staff gage C 
M iddle Fork at head of W ally  C reek  (at staff gage  E) 
near road between upstream and downstream  pastures along fenceline  
.n ear road betw een upstream and downstream  pastures along fenceline 
W e s t of B eaver C reek near Pouliot's fenceline  
W ally  C reek
E ast of B eaver Creek, S E  of cam psite, in m ature forest 
John W h eeler's  property (west)
Beginning o f surface flow at W ally  C reek
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Appendix C. Supplemental Well and Staff Gage Installation Information
steel drive wellpoints (Maass Midwest Manufacturing, Inc., Huntly, IL) provided information at the 
floodplain scale. These 35mm diameter wells contained 61 cm of 60 gauze (0.25mm) stainless 
steel screen above the well point (Figure 8). I used the Geoprobe to hammer the points into the 
alluvial aquifer by direct pressure on top of the casing; unlike the PVC installations (discussed 
below), no outer casing was employed. After the screened point was driven into the ground. I 
added 0.31m (3 foot) sections with pipe couplings until the total depth reached approximately 
three meters. A #6 rubber stopper (32mm diameter) was attached to an extendable metal rod 
and used as a surge block. I raised and lowered the rubber stopper vigorously in the well to 
remove fine sediments that may have clogged the screen as a result of installation. The well was 
then purged with a small hand-powered diaphragm pump and the process repeated several 
times. Water level differences from before and after surging and pumping suggest that fine 
sediments could have been clogging the screens at some sites (Appendix K). In some instances 
the screen ruptured during installation and small gravel (up to 4mm) was recovered during 
pumping. After development, 1 installed a steel cap on the top threaded end of the casing. The 
well was completed by digging a small depression around the casing, filling it with bentonite 
pellets, and replacing the top sod layer. The purpose of this completion procedure was to 
minimize infiltration of surface water down the well casing.
In addition to wellpoints, several PVC wells of different sizes were installed at various 
locations in the floodplain (see Appendices A and K). These wells were installed to test the 
Geoprobe in the alluvial aquifer environment in fall 2001, and allowed sampling of organisms in 
areas that GPR suggested might have variable geomorphology and/or paleochannels (wells 11 
and 25).
Wells at the preferential flow site served multiple purposes. They required 1) a diameter 
large enough for temperature and continuous water level recorders 2) large slots to allow 
organisms to enter the wells, and 3) a diameter large enough to admit a gas-powered diaphragm 
pump for biological sampling. 5.08cm diameter (2" nominal) PVC served all of these purposes.
92
Installations required driving an outer 8.3cm (3.25in) casing for 5.08cm PVC or a 5.4cm (2.125in) 
casing for 2.54cm PVC. An expendable point, attached to the leading edge of the outer casing, 
was driven into the ground and sections of outer casing were added until the desired depth was 
reached, or until hammering produced no more downward movement. In areas of coarse 
materials the desired depth was often not attained. Many of the 5cm PVC wells were developed 
with a large capacity gasoline-powered diaphragm pump (Appendix A). Appendix A also provides 
information on the open area of each well. Many of the PVC wells had 20- or 100-slot openings 
(Driscoll, 1986) and some were drilled with holes to increase the likelihood of collecting 
organisms.
Preexisting staff plates (0.01ft. gradations) were either pounded into the stream or bolted 
to bedrock. Staff gages installed for this study (2cm diameter rebar) were pounded into the creek 
or river bed so that the top of the bar was below the water surface. I measured water heights 
above the top of the bar with a tape measure.
Appendix D. Water Level Accuracy and Error Estimates
Heron electronic water level indicator measurements were recorded in meters to the third decimal 
place. Occasionally, I encountered problems in determining the exact depth to water because of 
contact between the indicator probe tip and the steel well casing. Consequently, depths to water 
are presented in Appendix K with two decimal places. Based on comparisons between Heron 
and Global Water measurements (see table below), the estimated error associated with the 
calibrated loggers was less than 5 cm. Global water loggers provided data to two decimal places.
D a ta  fo r  E s t im a tin g  G lo b a l W a t e r  L o g g e r  E rro rs
Global Water Measured Water
Site ID Date Difference (cm)
Elevation (m) Table (m)
Nyack 18 7/6/02 1010.84 1010.84 0
Nyack 18 7/20/02 1010.73 1010.71 2
Wally E 8/31/02 1011.80 1011.76 4
Gage E 8/31/02 1012.10 1012.10 0
Wally G 8/31/02 1011.31 1011.32 1
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Appendix E. GPS Locations and Elevations
I determined UTM (x and y) coordinates for all wells and staff gages; elevation (z) data were 
collected for most sites. The majority of wells were located with a Trimble 5700 survey-grade 
GPS. The instrument was leveled on top of the uncapped casing and held in place for five to 
fifteen minutes to allow for collection of sufficient location information from orbiting satellites. 
These data were then post-processed with Trimble Geomatics Office software to arrive at UTM 
coordinates and elevations. I could not locate some wells with GPS because of canopy 
obstructions. In these cases, a Leica total station provided x, y, and z coordinates. I used a 
Garmin handheld GPS to gather UTM data at several sites In several cases, x and y coordinates 
were determined with a Garmin handheld GPS; no elevation data were obtained for these wells. 
For this study, I considered GPS data to be more reliable and accurate than total station 
information (T. Ferris, Inland GPS Inc., personal communication, 2002).
I estimated total station elevation error by starting from a 1996 Forest Service benchmark 
of known elevation and completing a survey loop with over 20 instrument turns and over 100 
survey points. Elevation error between the beginning and end of the survey was 17cm. I also 
compared results with GPS-derived elevations in the table below. Based on the survey loop and 
the differences below, I estimated the maximum total station error to be 20cm.
Data for Estimating Total Station Errors
Site ID GPS Elevation fm) Total Station elevation (m) Difference (cm)
Nyack 16 1013.39 1013.53 14
Nyack 19 1010.95 1010.80 15
Nyack 11 1011.94 1012.07 13
Staff Gage A 1010.06 1010.09 3
Staff Gage B 1010.44 1010.46 2
Staff Gage C 1010.94 1010,76 18
Staff Gage D 1011.24 1011,18 6
Staff Gage E 1011.67 1011.58 9
Staff Gage F 1011.72 1011.65 7
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Appendix F. Well logs
Montana Bureau of Mines and Geology 
Ground-Water Information Center Site Report 
STATE OF MONTANA-DEPT OF TRANSPORTATION 
(this well is referenced in the text as well DOT 35) 
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id; 160619 
Location (TRS): 31N 18W 12 AD 
County (MT); FLATHEAD 
DNRC Water Right. Not Reported 
PWS Id:
Block: Not Reported 
Lot: Not Reported
Certificate of Survey: Not Reported
Source of Data: LOG 
Latitude (dd): 48.4620 
Longitude (dd): -113.8665 
Geomethod: TRS-TWN  
Datum: 1927 
Addition: Not Reported 
Type of Site: WELL
Well Construction and Performance Data
Total Depth (ft): 35.50 
Static Water Level (ft): 2.00 
Pumping Water Level (ft): 14.00 
Yield (gpm): 30.00 
Test Type: Air 
Test Duration: 2.00 
Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
(measurements are reported below land surface)
How Drilled: ROTARY 
Driller's Name: BILLMAYER 
Driller License: WWC069 
Completion Date: 24-DEC-96 
Special Conditions: None Reported 
Is Well Flowing?: No 
Shut-In Pressure:
Geology/Aquifer: Not Reported 
Well/Water Use: OTHER
Hole Diameter Information No hole diameter records were found 
Annular Seal Information From 0.0 (ft) to 18.0 (ft) BENTONITE 
Casing Information From -2 (ft) to 35.5 (ft) Dia (in) = 6 Description = STEEL 
Completion Information From 33.5 (ft) to 35.0 (ft) Dia (in) = 6 Description = 1/4X3 
Lithology Information
From (ft) to (ft) 
From 0.0 to 1.0 
From 1.0 to 22.0 
From 22.0 to 35.5
Description
FILL GRAVEL
TAN CLAY AND GRAVEL
COARSE SAND GRAVEL AND WATER
Th ese  data  represent the contents of the G W IC  databases at the M ontana Bureau of M ines and G eology at the time and  
date of the retrieval T h e  information is considered unpublished and is subject to correction and review  on a daily basis 
The Bureau warrants the  accurate transmission of the data to the original end user. Retransmission o f the data 
to other users is discouraged and the Bureau claim s no responsibility if the m aterial is retransm itted.
Note: non-reported casing, completion, and lithologie records m ay exist in paper files at G W IC .
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Appendix F. Well logs
Montana Bureau of Mines and Geology 
Ground-Water Information Center Site Report 
GLACIER WILDERNESS RANCH 
(this well Is referenced In the text as well GWR LG) 
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id; 87651
Location (TRS): 31N 17W 18 BBCD 
County (MT): FLATHEAD 
DNRC Water Right: 57638 
PWS Id: 3066002 
Block: Not Reported 
Lot: 4
C e r t if ic a te  o f  S u rv e y :  N o t  R e p o r te d
Well Construction and Performance Data
Total Depth (ft): 161 
Static Water Level (ft): 11 
Pumping Water Level (ft): 42 
Yield (gpm): 100 
Test Type: Pump 
Test Duration; 16 
Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
Source of Data: LOG 
Latitude (dd); 48.4486 
Longitude (dd): -113.8249 
Geomethod: MAP 
Datum: 1927 
Type of Site: WELL
(measurements are reported below land surface)
How Drilled; FORWARD ROTARY 
Driller's Name: CHAMBERS 
Driller License: WWC321 
Completion Date: 23-Nov-81 
Special Conditions: None Reported 
Is Well Flowing?: No 
Shut-In Pressure:
Geology/Aquifer; 112ALVM
Well/Water Use: PUBLIC WATER SUPPLY
Hole Diameter Information From 0 (ft) to 161 (ft), Dia
Annular Seal Information From 0 (ft) to 20 (ft) = cement and water
Casing Information From -1.5 (ft) to 161 (ft) Dia (in) = 8 Description = 29 LB STEEL
Completion Information Open Bottom
Lithology Information
From (ft) to (ft)
Oto 1 
1 to 9 
9 to 23 
23 to 52 
52 to 67 
67 to 138 
138 to 161
Description
C L A Y
SILT AND PEA GRAVEL 
SAND GRAVEL 
SAND
SAND AND PEA GRAVEL 20 GPM 
GREY SANDY CLAY 
SAND GRAVEL WATER
Site Notes
JUST SOUTH OF W GLACIER 6-0 MILES SOUTH END OF NYACK FLAT AREA. OWNER NOTED WHEN THIS WELL 
WAS DRILLED THERE WAS A THICK SECTION BELOW THE UPPER AQUIFER WITH NO WATER PRODUCTION 
TRACT LOCATION BASED ON LATiLONG FROM DEO.
Well Notes
Ow ner informative about well system. P um p at 4 5 ’. Tested  at 8 .6  gpm gradually drops at 4 .5  gpm . W ell in log 
pum phouse behind sw im m ing pool with pressure tanks faucet on line 4 ’ from riser from bwell. before tanks.
Sam pling pt - faucet on pum p riser betw een pum p and pressure tanks about 1 foot from well
T h es e  data represent the contents of the G W IC  databases at the M ontana Bureau o f M ines and Geology at the tim e and  
date  of the retrieval. T h e  information is considered unpublished and is subject to correction and review  on a daily basis. 
Th e Bureau w arrants th e  accurate transmission o f th e  data to  the original end user. Retransmission o f the  data  
to other users is discouraged and the Bureau c laim s no responsibility if the m aterial is retransm itted.
Note: non-reported casing, com pletion, and lithologie records m ay exist in paper files at G W IC .
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Appendix F. Well logs
Montana Bureau of Mines and Geology 
Ground-Water Information Center Site Report 
THOMAS JERRY AND DEBBIE (GWR SM)
(this well Is referenced in the text as well GWR SM) 
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id: 155436
Ideation (TRS): 31N 17W 18 BBGA 
County (MT): FLATHEAD 




Certificate of Survey: Not Reported
Source of Data: INV 
Latitude (dd): 48,4497 
Longitude (dd): -113.8252 
Geomethod: MAP 
Datum: 1927 
Addition: Not Reported 
Type of Site: WELL
Well Construction and Performance Data
Total Depth (ft): 38.00 
Static Water Level (ft): 7.27 
Pumping Water Level (ft):
Yield (gpm):
Test Type: Not Reported 
Test Duration:
Drill Stem Setting (ft):
Recovery Water Level (ft);
Recovery Time (hrs):
(measurements are reported below land surface)
How Drilled: Not Reported 
Driller's Name: Not Reported 
Driller License: Not Reported 
Completion Date:
Special Conditions: None Reported 




Hole Diameter Information No hole diameter records were found 
Annular Seal Information No annular seal records were found 
Casing Information No casing records were found 
Completion Information No completion records were found 
Lithology Information no lithology records were found
Site Notes. 200' north of M 87651 in 6X6 log pumphouse. Same elevation as 87651 within 1-2 ft. 
Well Notes Backup well. Piped water into main water system. Can access water from ball valve 
on pipe between well and pressure tank. Did not sample this trip.
Th ese  data represent the contents of the G W IC  databases  at the M ontana Bureau of M ines and Geology at the tim e and  
date  o f the retrieval. T h e  information is considered unpublished and is subject to correction and review on a daily basis. 
The Bureau w arrants the accurate transmission of the  data to the original end user. Retransm ission o f the data  
to other users is discouraged and the Bureau claim s no responsibility if the m aterial is retransm itted.
Note: non-reported casing, com pletion, and lithologie records may exist in paper files at G W IC .
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Appendix F. Wei! logs
Montana Bureau of Mines and Geology 
Ground-Water Information Center Site Report 
Hill Linda
(this well Is referenced in the text as the Hilt well) 
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id: 87653
Location (TRS): 31N 17W 18 DDA 
County (MT): FLATHEAD 




Certificate of Survey: Not Reported
Source of Data: LOG 
Latitude (dd): 48.4412 
Longitude (dd): -113.8433 
Geomethod: TRS-TWN 
Datum: 1927 
Addition: Not Reported 
Type of Site: WELL
Well Construction and Performance Data
Total Depth (ft): 39.00
Static Water Level (ft): 15.00




Drill Stem Setting (ft):
Recovery Water Level (ft):
Recovery Time (hrs):
(measurements are reported below land surface)
How Drilled; FORWARD ROTARY 
Driller's Name: BILLMAYER 
Driller License: WWC005 
Completion Date: 09-Aug-73 
Special Conditions: None Reported 
Is Well Flowing?: No 
Shut-In Pressure:
Geology/Aquifer: 1120TSH  
Well/Water Use: DOMESTIC
Hole Diameter Information No hole diameter records were found 
Annular Seal Information From 0 (ft) to 20 (ft) = drill cuttings 
Casing Information From 0.0 (ft) to 29.0 (ft) Dia (in) = 6 Description = STEEL 
Completion Information No completion records were found 
Lithology Information






Th ese  data represent the contents of the G W IC  databases at the M ontana Bureau of M ines and Geology at the tim e and  
date of the retrieval. T h e  Information is considered unpublished and is subject to correction and review on a daily basis. 
Th e Bureau w arrants the accurate transmission o f the  data to  the  original end user. Retransmission o f the data  
to other users is discouraged and the Bureau claim s no responsibility if the m aterial is retransm itted.
Note: non-reported casing, com pletion, and lithologie records m ay exist in paper files at G W IC .
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Appendix F. Well logs
Montana Bureau of Mines and Geology
Ground-Water Information Center Site Report
Hoag Jack
(this well Is referenced in # ie  text as the W heeler Test well)
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location information
GWIC Id: 87654 Source of Data: Not Reported
Location (TRS): 31N 18W 01 Latitude (dd); 48.4748
County (MT): FLATHEAD Longitude (dd): -113.8749
DNRC Water Right: Not Reported Geomethod: TRS-TWN
PWS Id: Not Reported Datum; 1927
Block: Not Reported Addition: HES 870
Lot: 3E Type of Site: WELL
Certificate of Survey: Not Reported
Well Construction and Performance Data (measurements are reported below land î
Total Depth (ft): 343 How Drilled: FORWARD ROTARY
Static Water Level (ft): 65 Driller's Name: BILLMAYER
Pumping Water Level (ft): 250 Driller License: WWC335
Yield (gpm): 36 Completion Date: 06-Aug-87
Test Type: AIR Special Conditions: Abandoned
Test Duration: 2 Is Well Flowing?: No
Drill Stem Setting (ft): Shut-In Pressure:
Recovery Water Level (ft): Geology/Aquifer: 400RVLL
Recovery Time (hrs): Well/Water Use; Not reported
Hole Diameter Information No hole diameter records were found
Annular Seal Information From 0 (ft) to 20 (ft) = bentonite
Casing Information From -2 (ft) to 311 (ft) Dia (in) = 6
Completion Information From 256.5 to 261.5 Dia (in) = 6 Slots = 1 X 3/16 (in)
From 307.0 to 310.0 Dia (in) =6 Slots = 6 X 1 / 4  (in)
Lithology Information
From (ft) to (ft) Description
Oto 12 SAND GRAVEL CLAY AND BOULDERS
12 to 20 SAND GRAVEL AND WATER
20 to 147 GRAY SILT AND CLAY
147 to 245 LAYERS OF GRAY CLAY AND SILT
245 to 251 STICKY BROWN CLAY
251 to 263 SMALL GRAVEL SAND AND WATER
263 to 270 BROWN CLAY AND GRAVEL
270 to 304 GRAY SILT WATER
304 to 332 BROWN CLAY AND GRAVEL
332 to 343 SAND SILT WATER
T h ese  data  represent the contents of the G W IC  databases at the M ontana Bureau of M ines and Geology at the tim e and  
date  of the retrieval. T h e  information is considered unpublished and is subject to correction and review  on a daily basis. 
The Bureau warrants the accurate transmission o f the data to  th e  original end user. Retransmission o f the  data  
to other users is discouraged and the Bureau claim s no responsibility if the m aterial is retransmitted.
Note; non-reported casing, com pletion, and lithologie records m ay exist in paper files at G W IC .
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Appendix F. Well logs
Montana Bureau of Mines and Geology 
Ground-Water Information Center Site Report 
Hoag Jack (Wheeler)
(this well is referenced in the text as the Wheeler well) 
Accessed 4/12/02 at http://mbmggwic.mtech.edu/
Location Information
GWIC Id; 87655 
Location (TRS): 31N 18W 01BD 
County (MT); FLATHEAD 
DNRC Water Right; 67253 
PWS id:
Block: Not Reported 
Lot: 3E
Certificate of Survey; Not Reported
Source of Data; LOG 
Latitude (dd); 48.4763 
Longitude (dd); -113.8779 
Geomethod: TRS-TWN 
Datum: 1927 
Addition; HES 870 
Type of Site: WELL
Well Construction and Performance Data (measurements are reported below land surface)
Total Depth (ft): 40 
Static Water Level (ft): 9 
Pumping Water Level (ft): 20 
Yield (gpm): 40 
Test Type: AIR 
Test Duration: 2 
Drill Stem Setting (ft): 
Recovery Water Level (ft); 
Recovery Time (hrs);
How Drilled; FORWARD ROTARY 
Driller's Name; BILLMAYER 
Driller License; WWC005 
Completion Date: 31-Aug-87 
Special Conditions; None Reported 




Hole Diameter Information No hole diameter records were found 
Annular Seal Information From 0 (ft) to 12 (ft) = bentonite 
Casing Information From -2 (ft) to 40 (ft) Dia (in) = 6 
Completion Information From 17 to 19 Dia (in) = 6 Slots = 1/4X6 (in) 
Lithology Information
From (ft) to (ft) 
Oto 12 
12 to 20 
20 to 40
Description 
CLAY GRAVEL AND BOULDERS 
SAND GRAVEL AND WATER  
GRAY CLAY SAND AND GRAVEL
These data  represent the contents of the G W IC  databases at the M ontana Bureau o f M ines and G eology at the tim e and 
date of the retrieval. Th e  information is considered unpublished and is subject to correction and review on a daily basis. 
The Bureau warrants th e  accurate transmission o f the  data to the original end user. Retransmission of the  data  
to other users is discouraged and the Bureau claim s no responsibility if the m aterial is retransmitted.
Note; non-reported casing, com pletion, and lithologie records m ay exist in paper files at G W IC
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Appendix G. Slug Test Methods
The initial water level was recorded with the electronic water level indicator. A Global Water 
logger was calibrated and configured to record the water level in the well once every second. A 
piece of PVC pipe, capped and sealed at both ends, served as a slug. I inserted the slug into the 
well and then removed it as quickly as possible after the water table returned to the static level. 
The resulting water level vs. time curves were analyzed using one of two methods: Hvorslev 
(1951) and Bouwer - Rice (Bouwer and Rice, 1976; Bouwer, 1989). The Hvorslev method is 
useful for partially penetrating wells in which the well screen is significantly longer than its radius. 
Necessary parameters include the radius and length of the well screen, the static water level, and 
water levels at timed intervals after removal of the slug (Fetter, 1994). The Bouwer - Rice method 
was specifically developed for unconfined aquifers, and requires the well screen radius, the 
height of the screened interval, the static water level, the height of the water in the well, and the 
aquifer thickness.
For this study the aquifer thickness was estimated from gravity data (S. Sheriff, 
unpublished data) to be about 100 m. The computer program Aquifer Test (Waterloo 
Hydrogeologic Inc., Waterloo, Ontario) provided a curve-matching technique for estimation of 
hydraulic conductivity. In many cases, the static water level was achieved between 1 and 10 
seconds after removal of the slug. Therefore, only a few data points were available for input into 
the program. Many of these quick-responding tests were conducted near the Wally and Control 
areas.
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Appendix H. Cyclic Water Level Fluctuation Analysis
Hydraulic Conductivity Estimates Determined From Cyclic Water Level Fluctuations 
October 31 - November 6 , 2002 (see Ferris, 1963 for details)
Aquifer thickness (estimated) = b (in meters)
Transmissivity = (x^Sto)/(4*pi*ti^)
X = distance in meters from the river stage recorder to the well = 132
S = storativity (dimensionless)
to = average period in days between minima (or maxima) = 1
ti = lag time in days between minima or maxima in the river and the well 
I  = transmissivity in m^/day; K = hydraulic conductivity in m/day
Cycle Number Lag time Lag time T T I T
(hours) (days) (S = 0.10) (S = 0.15) (S = 0.20) (S = 0.25)
Max 1 2 0.083 19859 29788 39717 49646
Min 1 2 0:083 19859 29788 39717 49646
Max 2 1 0.042 79434 119151 158869 198586
Max 3 1 0.042 79434 119151 158869 198586
Max 4 2 0.083 19859 29788 39717 49646
Max 5 3 0.125 8826 13239 17652 22065
Min 5 1 0.042 79434 119151 158869 198586
Max 6 2 0.083 19859: ' 29788 39717 49646
Min 6 1 6  042 79434: 119151 158869 198586
Max 7 2 0083 19859 29788 39717 49646
Averages 1 70 0.071 42586 63878 85171 106464
K K K K
b = 75 568 852 1136 1420
b = 95 448 672 897 1 1 2 1
b= 1 0 0 426 639 852 1065
b=150 284 426 568 710
102
Appendix I. Radon Theory and Methods
Radioactive isotopes are present in most rocks and soils (Zapecza and Szabo, 1988). In aquifers 
their concentrations may be useful as natural tracers for estimations of ground water velocity, 
residence time, and flow direction (Davis et al., 1980; Hoehn and von Gunten, 1989), as well as 
quantification of river water infiltration from losing reaches of streams (Bertin and Bourg, 1994).
Rn is conservative, easily soluble in water, and migratory (Clesceri et al., 1998; Hoehn and von 
Gunten, 1989).
^^^Radon is a radioactive decay product of ^̂ ®Ra that emanates from uranium-bearing 
minerals found in earth materials. Decay occurs when a Ra atom (one of the decay products in 
the decay series) emits an a particle (equivalent to a He nucleus) or a (3 particle (an 
electron). Possible sources of uranium-bearing minerals in the Middle Fork valley include 
metasedimentary rocks of the Belt Supergroup, Tertiary lacustrine and fluvial sediments, and 
Quaternary glaciofluvial outwash that forms the basin fill. Radon (itself radioactive) enters ground 
water by diffusion from grain surfaces to aquifer pore spaces. Aquifer grain size distribution is an 
important factor controlling concentrations, since most radon emanates from grains less than 2 
microns (Hoehn and von Gunten, 1989). Since Rn-222 is an inert gas and is highly soluble in 
water, it can be quite mobile in the subsurface, depending on local geochemical and 
hydrogeologic conditions (Hoehn and von Gunten, 1989; Zapecza and Szabo, 1988). Radon 
measurement techniques and calculations require assuming that the distribution of radon parents 
is homogenous throughout the aquifer and that losses of ground-water radon to the unsaturated 
zone and the atmosphere are constant (Hoehn and von Gunten, 1989).
Laboratory Radon Measurement
In October, 2002 I analyzed thirteen wells and three surface water sites using a liquid 
scintillation counting technique. Three well volumes were removed with a Whale Superline 99 
positive-displacement pump (Munster Simms Engineering, Bangor, N. Ireland) that minimized 
outgassing of radon to the atmosphere. The pump tube was then inserted into a SOOmL glass
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beaker, and a liquid scintillation vial (a 23mL borosilicate bottle with a plastic compression cap) 
was held in the beaker underwater. The vial was flushed with several volumes of ground water, 
and then capped underwater with no headspace. At surface water sites, the bottle was capped 
underwater in flowing, aerated water. Duplicate samples were collected at all sites. I stored the 
vials in a cooler until analysis to minimize temperature fluctuations. In the lab, I removed 13mL of 
water from each sample with a pipette and added 12mL Beckman Ready Gel (a xylene-based 
scintillant) to the remaining 10mL water. After storage for four hours in a dark room at room 
temperature, each vial was counted for 30 minutes in the energy range 25-900 kEv,
Six standards were counted. The standards had the following radium (radon parent 
isotope) masses (mixed with water in 23mL bottles): S.Oug, 12.5ug, 15.0ug, 30ug, 35ug, and 
175ug. Three background samples (similar lab procedure as above, but using deionized water) 
were prepared to determine the average level of radiation present in the environment during the 
counting procedure. The background values of the three samples in counts per minute (cpm) 
were 25.37, 25.17, and 25.43. These three samples were counted at the beginning, middle, and 
end of the sampling period, respectively. The average (25.32cpm) was used as the background 
value for further calculations.
To convert sample counts per minute (cpm) to concentrations (pCi/L) for the liquid 
scintillation method, a calibration factor (Clesceri et al., 1998) was developed based on the 
counting rates and calculated concentrations of the standards. The calibration factor is: OF = (S - 
B)/(X), where S is the counts per minute of the standard; B is the counts per minute of the 
average of the background samples; and X is the amount of ^^®Ra contained in the sample in pCi. 
The average calibration factor for the five standards was 8.35 (Table XX). The formula for 
converting counts per minute to raw concentrations in pCi/L is: {G-B)/(CF*V), where G is the 
gross counting rate of the sample; B is the background counting rate; OF is the calibration factor, 
and V is the volume of sample.
The resulting concentrations (Appendix O) required correction with the following equation 
because they were analyzed some hours after collection: U  = Lc where Lo is the radon
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concentration at the time of sample collection, Lc is the radon concentration at the time of sample 
counting, and T is the time in hours between collection and counting {Ward, 1997).
Based on 32 duplicate samples from the Missoula Valley aquifer in western MT, Ward (1997) 
calculated the error due to counting by the liquid scintillation counter to be about 2.4%. Sampling 
and procedural error can be up to 15.8%. Error associated with the laboratory standards was 
about 1%, and the total error was approximately 19% (Ward, 1997). This agrees well with the 
20% estimated error of Hoehn and von Gunten (1989). 2a error (calculated using a formula from 
Clesceri et ai. 1998) is shown in Appendix O for all samples including duplicates. The error for 
radon measurements during the present study is up to 27%. This error is higher than that of the 
studies mentioned above, but does not effect the conclusions drawn from the data. For further 
details of the liquid scintillation method, see Ward (1997) and Clesceri et al. (1998).
Field Radon Measurement
This method used a Rad7-H20 detector (Durridge Company, Bedford, MA) that allowed 
field measurement of radon concentrations. Water was obtained with the Whale pump (see 
above). The Durridge unit used a silicon semiconductor in an electric field to attract ^̂ ®Po, the a- 
emitting daughter product of ^^^Rn. The polonium activity is counted with an internal a- 
spectrometric analysis and is used as a measure of the radon activity. Total error is estimated at 
20% (E. Hoehn, written communication, 2002). The unit's built-in pump continuously aerates the 
sample in a closed loop of a water-air exchanger. The Rad7-H20 counted for four five-minute 
cycles. The detector then averaged the count rate for the four cycles, translated the result to a 
mean radon concentration in the air and then multiplied the concentration by a factor (depending 
on the water collection vial size) to arrive at the radon concentration in the water (D. Lane-Smith, 
Durridge Company, personal communication, 2003).
Both laboratory and field-measured samples were taken from 2m or less below the water table to 
minimize the effect of mixing with deeper ground water of potentially longer residence time.
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Residence Time Calculations
Ground water residence time was calculated from laboratory-measured Rn values for the Wally 
wells using the following formula (modified from Hoehn and von Gunten, 1989): t = (-1A) LN [(Ag- 
At)/As-Ao), where t = residence time; A. = Rn radioactive decay constant (0.18/day); Ag = Rn 
concentration at steady-state; At = Rn concentration of the sample; and Aq = the non-zero initial 
concentration (~3 Bq/L for the Middle Fork), This analysis assumes that dispersion plays a minor 
role and does not significantly impact concentrations.
Appendix J. Water Quality Methods, Quality Assurance, and Additional 
Discussion
Methods for water analyses performed at the Flathead Lake Biological Station are as
follows:
Cl and SOa'^ Ion chromatography
NO2/3 Automated cadmium reduction, sample filtered
Automated persulfate method followed by automated 
cadmium reduction, sample filtered 
Automated ascorbic acid reduction 
Automated ascorbic acid reduction 
Automated method for molydate reactive silica 
Acetylene/air flame atomic absorption
Total soluble N (TSN)




All methods can be found in Clesceri et al. (1998). At the Wally Creek and the Control sites, 
samples were also analyzed for 26 trace elements using an Inductively Coupled Plasma 
Emission Spectrometer at the University of Montana. Cation and trace element water was filtered 
with a 0.45pm filter, I calculated bicarbonate from alkalinity values (Wilde and Radtke, 1998),
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Quality assurance for water samples was assessed by analyzing field blanks and field duplicates 
(See tables below). These samples were subject to contamination from sample processing and 
handling as well as laboratory measurement errors. Percent change in constituent 
concentrations between duplicate samples is a measure of analytical precision, and is calculated 
as follows; % change = absolute value of [2((a-b)/(a+b))*100], where a and b are the sample and 
its duplicate. Field blanks allow evaluation of possible sample contamination, from collection to 
analysis.
Concentrations of all constituents analyzed by ICPES were below detection limits in the 
field blank, and duplicates were within 6% of each other except for Mn (13%). Mn concentrations 
were near the detection limit in most samples.
Several elements analyzed at the Flathead Lake Biological Station did appear in field 
blanks. Minor amounts of Ca were detected. Concentrations of Cl, nitrate/nitrite, and soluble 
reactive P in field blanks approached those found in some environmental samples, and these 
data should be interpreted with caution. Duplicate samples show that analytical precision was not 
as good as for the ICPES data. Duplicates were within 10% of each other, with the following 
exceptions: Ca (19%), Cl (31%), nitrate/nitrite (13%), Si02 (22%), and soluble P (33%). 
Unfortunately, data for these constituents may not be reliable.
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Quality assurance data for five sample pairs analyzed at Flathead Lake Biological Station
Sample Name Well 12 Well 12 Dup % Change Well 16 Well 16 Dup % Change
Constituent
Ca 54.1 54.7 1.1 35.9 35.0 2.5
K 0.2 0.2 0,0 0.4 0.4 0.0
Mg 13.8 14.1 2.4 7.7 7.9 2.8
Na 1.2 1.2 0.0 1.0 1.0 1.4
5 0 4 5.2 5.1 1,8 6.0 6.4 6.8
Cl 0,3 0.3 6.4 0.2 0.2 20.6
S i02 7.2 7.2 0.1 5.3 5.4 2.0
N02/3 9 10 12.9 30 30 0.5
SP 4 3 21.5 3 3 1.4
SRP 2 2 4.1 1 1 4.9
Sample Name Well 20 Well 20 Dup % Change Dalimata Dal Field % change
Field Well Dup
Constituent
Ca 49.5 50.1 1.1 40.6 41.2 1.3
K 0.4 0.4 6.7 0.6 0.6 0.0
Mg 13.3 13.4 0.6 10.1 9.4 7.2
Na 1.2 1.2 1.1 1.0 1.0 2.9
S04 5.4 5.6 3.5 4.4 4.5 1.2
Cl 0.8 0.8 7.6 0.3 0.3 9.7
Si02 6.7 6.7 0.9 5.8 5.8 0.5
N02/3 193 198 2.5 72 72 0.4
SP 3 2 33.2 5 5 0,7
SRP 1 1 3.6 4 4 0.0
Sample Name Wally Wally E % Change
well E bup
Constituent
Ca 40.7 49.0 18.5
K 0.4 0.4 7.4
Mg 8.6 8.8 2.0
Na 0.9 0.9 0.0
S04 4.7 4.8 0.3
Cl 0.1 0.1 30.6
S i02 4.5 5.6 21.7
N02/3 53 53 0.6
SP 5 4 27.3
SRP 1 1 0.0
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Quality assurance data for two sample pairs analyzed by ICPES at University of Montana






AI <0.01 0.015 BDL <0.01 <0,01 BDL
As <0.005 <0.005 BDL <0.005 <0.005 BDL
Ba 0.15 0.15 1.5 0.17 0.18 2.4
Be <0.0001 <0.0001 BDL <0.0001 <0.0001 BDL
Ca 31 31 0.2 33 33 0.1
Cd <0.001 <0.001 BDL <0.001 <0.001 BDL
Co <0.003 <0.003 BDL <0.003 <0.003 BDL
Cr <0.005 <0.005 BDL <0.005 <0.005 BDL
Cu <0.003 <0.003 BDL <0.003 <0.003 BDL
Fe 0.010 0.027 <0.001 <0.001 BDL
K <0.5 <0.5 BDL <0.5 <0.5 BDL
Li <0.0015 <0.0015 BDL <0.0015 <0.0015 BDL
Mg 7,3 7.4 2.0 8.5 8.4 1.3
Mn 0.0025 0.0022 13.3 <0.0005 <0.0005 BDL
Mo <0.003 <0.003 BDL <0.003 <0.003 BDL
Na 1.1 1.1 5.4 1.0 1.1 5.3
NI <0.002 <0.002 BDL <0.002 <0.002 BDL
P <0.01 <0.01 BDL <0.01 <0.01 BDL
Pb <0.01 <0.01 BDL <0.01 <0.01 BDL
S 1.82 1.82 0.3 1.38 1.38 0.3
Si 2.6 2.7 2.2 2.8 2 8 1.0
Sn 0.0037 <0.003 BDL <0.003 <0.003 BDL
Sr 0.056 0.055 0.9 0.063 0.064 1.6
Ti <0.005 <0.005 BDL <0.005 <0.005 BDL
V <0.005 <0.005 BDL <0.005 <0.005 BDL
Zn 0.030 0.031 2.0 <0.001 <0.001 BDL
BDL = below detection limit
* Fe concentrations are not considered representative of ground water because of steel casing
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Although river and floodplain water quality was generally homogeneous, water chemistry at 
several sites was anomalous. Elevated levels of Fe and Zn in wells 16, 27, and 28 were probably 
due to steel well construction. These were the only steel wells sampled for trace elements. The 
Wheeler domestic well exhibited high K, Mg, Cl, Si0 2 . and NO2/3 relative to other floodplain wells 
and surface waters, while elevated Ca, Mg, Cl, and Si0 2  appeared in the Tinhorn well. Well 18 
had high Mg, Si0 2 , soluble P, and specific conductance but low K, SO4, NO2/NO3 and pH relative 
to other floodplain wells.
Site Name Constituents that were relatively high or low 
Wally C2 high Al, Fe, Zn, and SP
Wally D high Ba, Fe, Mn, Sr, Ca, Mg, Aik, Silica, SpC
low sulfate, nitrate, and dissolved oxygen 
Wally D2 high Zn and SP
Wally F high Ba, Mn, Al. Fe, Zn, and Sr
Wally G high Ba and Sr
Wally G2 higher Mn, Fe, and SP
Control C higher Al, Fe, Zn, and SP
Control D higher Al and Zn
Control E high K, Na, Aik, Ba, Mn, Al, Fe, Zn, Sr, SpC and SP 
low Ca, S04, N03
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Appendix K. Ground water and surface water data: water levels and field parameters
D T W  depth to w ater in well (m)
W T  EL w ater tab le  or surface w ater elevation above m ean sea level (m )
H T  W T  height o f w ater above or below  gage  datum (m)
T em p tem perature  (“0 )
Cond specific conductivity (uS /cm )
D O V ol dissolved oxygen (m g/L)
D O  S at dissolved oxygen (percent saturation)
S IT E N U M Site N am e D ate Time D T W  W T E L Tem p
B C P 00014 Nyack 1 10/29/2G 01 2 .8 0 1016 .59
BCP00G 14 Nyack 1 11/20/2G 01 1025 3.15 1016 .24
BCPQ0G14 Nyack 1 4/9 /2G 02
B C P 00014 Nyack 1 4 /23 /2G 02  945 2 .07 1 017 .32
BCPGGG14 Nyack 1 5/1/2G 02 902 2 .1 8 1017.21
b c p o 6 o i 4 Nyack 1 5 /9 /2 0 0 2  Î 249 2 .18 1017 21
B C P 00014 Nyack 1 5 /2 0 /2 0 0 2  ...............
B C P 00014 Nyack 1 5 /2 9 /2 0 0 2  1337 1 .39 1018 00
B C P 00014 Nyack 1 6 /2 8 /2 0 0 2  1040 1 1 6 1018 .24
B C P 00014 Nyack 1 6 /2 9 /2 0 0 2  1620 1.13 1018 .26 8.9
B C P 00014 Nyack 1 7 /6 /2 0 0 2  1318 1.58 1017 .82 8 9
B C P 00014 Nyack 1 7 /2 0 /2 0 0 2  1316 1.84 1017 .56
B CP0G 014 Nyack 1 8 /5 /2 0 0 2  1349 2 .09 1017.31 1 1 5
B C P 00014 Nyack 1 8 /2 9 /2 0 0 2  1712 2 25 1017 15
B C P 00014 Nyack 1 1 0 /5 /2 00 2  1300 2 .48 1016 92
B C P 00014 Nyack 1 1 0 /1 1 /2 0 0 2  1245 2 .48 1016 92 8 9
B C P 00015 Nyack 2 10/29/2001 4 23
B G P 00015 Nyack 2 11/ 20/2001 2.51
B C P 00015 Nyack 2 4 /9 /2 0 0 2  1320 2 .16
B C P 00015 Nyack 2 4 /2 3 /2 0 0 2 :9 5 8 1.46
B C P 00015 Nyack 2 5 /1 /2 0 0 2  940
B C P 00015 Nyack 2 7 /2 0 /2 0 0 2
B C P 00016 Nyack 3 10 /29 /2001 1.28 1014 .35
BCP0GG16 Nyack 3 11/ 20/2001 1000 1 .70 1013 .93
B CP00G 16 Nyack 3 4 /9 /2 0 0 2  1730 1.46 1014 .17
BGP0GG16 Nyack 3 4 /2 3 /2 0 0 2  1143 1 1 6 1614.47
B G P 00016 Nyack 3 5 /1 /2 0 0 2  1430 1.17 1014 .46
B G P 00016 Nyack 3 5 /9 /2 0 0 2  1500 1.17 1014 .46
B G P 00016 Nyack 3 5 /2 0 /2 0 0 2  1115 0.88 1614.75
B C P 00016 Nyack 3 5 /2 9 /2 0 0 2  Ï Î 4 9 0 .5 9 1015 .04
B C P 0 0 0 16 :Nyack 3 6 /1 3 /2 0 0 2  723 0 .9 5 1014 .69
BCPOOOlé Nyack 3 6 /2 8 /2 0 0 2  1304 0 62 1615.62
B C P 00016 Nyack 3 6 /2 9 /2 0 0 2  1455 0 .67 1 014 .96
BGPOOGie N yack 3 7 /6 /2 0 0 2  1530 1 05 1014 58 6 1
BGP00G16 Nyack 3 7 /2 0 /2 0 0 2  1205 1.20 1 014 .43
B G P 00016 Nyack 3 7 /2 2 /2 0 0 2  1752 1.23 1014.46
B G P 00016 Nyack 3 8 /5 /2 0 0 2  1039 1.29 1 014 .34 7.7
B G P 00016 Nyack 3 8 /3 0 /2 0 0 2  1210 1.36 1014 .27
B C P 00016 Nyack 3 1 0 /5 /2 0 0 2  1322 1.41 1014 .22
B G P 00016 Nyack 3 1 0 /1 2 /2 0 0 2  955 1.41 1014 22 9.6
B G P 00017 Nyack 4 10 /29 /2001
BCP00G 17 Nyack 4 11/20/2001 1000 1.46 1 014 .17
BGP00G17 N yack 4 4 /9 /2 0 0 2  1725 1.38 1014 25
b g p 6o g i7 N yack 4 4 /2 3 /2 0 0 2  1144 1.23 1014 46
BGP0G017 N y a c k 4 5 /1 /2 0 0 2  1430 1.25 1014 .38
B CP00G17 Nyack 4 5 /9 /2 0 0 2  1503 1.26 1014 .37
BGP00G17 Nyack 4 5 /2 0 /2 0 0 2  1125 0 .78 1014 .85
BCP00G 17 Nyack 4 5 /2 9 /2 0 0 2  1147 0 .64 1 014 .99
B C P 00017 Nyack 4 6 /1 3 /2 0 0 2  735
B C P 0 0 0 17 Nyack 4 6 /2 8 /2 0 0 2  1310 0 .62 1 015 .66
b g p o o 6 i 7 Nyack 4 6 /2 9 /2 0 0 2  1505 0:68 1014 .95
B C P 0 0 0 17 Nyack 4 7 /6 /2 0 0 2  1532 1 05 161467 '
B G P 0 0 01 7 Nyack 4 7 /2 0 /2 0 0 2  3  M ' 1.21 fo V 4  42
B C P 0 0 0 17 N y a c k 4  ̂ 7/ 22/2062 175 3 ........ .....V .23 ' ‘1014.39̂'
B C P 0 0 0 17 Nyack 4 8 /5 /2 0 0 2 :1 0 4 5 - 1 29 : 6 0 1 4 .33^ 7.6
B C P O O O if Nyack 4 8 /3 0 /2 0 0 2  1212 ' Î . 3 6 ' '1 0 1 4 .2 6
B C P 0 0 0 17 Nyack 4 _ ........... 10/ 5/2062 1 3 2 3 “ ’ 1/ 1 '










Appendix K Ground water and surface water data: water levels and field parameters
S IT E N U M
B C P 00017
BCPOOO10
B C P 00018
B C P 0 0 0 18
B C P 00018
B C P 00018
B C P 00018
B C P o o o fe
BCPoobia
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00018
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00019
B C P 00020
B C P 00020
B C P 00020
B C P 00020
B C P 00020
B CP0002Ô
B C P 00020
B C P 00020
B C P 00020
B C P 00020
B C P00020
B C P 00020
B C P 00020
B C P 00020
B C P 00020
B C P 00021
B C P 00021
BCP0602I
BCP00021
B C P 00021
B C P 00021
8 C P 0 0 0 21
B G P00021
B C P 00021
B C P 00022
B C P 0 0 0 22
B C P 0 0 0 22
B C P 0b 022
B C P 0 0 0 22









































































4 /9 /2 0 0 2




5 /2 9 /2 00 2
6 /1 3 /2 0 0 2
6 /2 8 /2 0 0 2
6 /2 9 /2 0 0 2
7 /6 /2 0 0 2
7 /2 0 /2 0 0 2
7122/2002
8 /5 /2 0 0 2
8 /3 0 /2 0 0 2




4 /9 /2 0 0 2
4 /2 3 /2 0 0 2
5 /1 /2 0 02
5 /9 /2 0 02
5 /2 0 /2 0 0 2
5 /2 9 /2 0 0 2
6 /2 8 /2 0 0 2
7 /6 /2 0 0 2
7 /2 0 /2 0 0 2
7 /2 2 /2 0 0 2
8 /5 /2 0 0 2
8 /2 9 /2 0 0 2
1 0 /5 /2 00 2
10/ 11/2002
11/20/2001
4 /9 /2 0 0 2
4 /2 3 /2 0 0 2
5 /i /2 0 0 2
5/9/2662
5 /2 0 /2 0 0 2
5 /2 9 /2 0 0 2
6 /2 8 /2 0 0 2
7 /6 /2 0 0 2
7/26/2002
7 /2 2 /2 0 0 2
8/5/2062
8 /2 9 /2 0 0 2  





' 5/ 1/2662 
" 5/9/2602
5 /2 0 /2 00 2
5/29/2062
6 /2 8 /2 0 0 2
7 /2 0 /2 00 2
11/20/2001
4/972662
4 /2 3 /2 00 2
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Appendix K. Ground water and surface water data: water levels and field parameters
S IT E N U M Site N am e D ate T im e D T W  W T  ÈL T em p pH Cond
B C P 00022 N yack 9 7 /6 /2 0 02  1437 ' 1.12 1018 66 10.1 7.7
B C P 00022 Nyack 9 7 /2 0 /2 00 2  1355 1.35 1018 .43
B C P 00022 Nyack 9 8 /5 /2 0 02  1333 1.53 1018 .25 11.8 117
B C P 00022 Nyack 9 8 /2 9 /2 00 2  1748 1.64 1018 14
BCPO0622 N y a c k 9 1 0 /5 /2002  1234 1.75 1018 .03
B C P 00022 N yack 9 1 0 /1 1 /2002  1255 1.72 1018.06 6 .9 188
B C P 00023 Nyack 10 1 i / 2b /2b b i 2 29 1 016 .16
B C P 00023 N yack 10 4 /9 /2 0 02
B C P 00023 Nyack 10 4 /2 3 /2 0 0 2  947 1.26 lb l7 .1 9
B C P 00023 Nyack 10 5/T /2bb2 1225 1.35 1 017 .10
B C P 00b23 Nyack io 5 /9 /2 0 02  1235 1 36 1 017 .09
B C P 00023 Nyack 10 5 /2 0 /2 00 2
B C P 00023 Nyack 10 5 /2 9 /2 00 2
B C P 00023 Nyack 10 6 /2 8 /2 00 2
B C P 00023 Nyack 10 7 /6 /2 0 0 2  1413 0 .60 1017 85 10.5 T 6
B C P 00023 Nyack 10 7 /2 0 /2 0 0 2  1326 0.91 1017 53
B C P 00023 Nyack 10 7 /2 2 /2 0 0 2  1340 .......... TOO 1617.4 5 '
B C P 00023 Nyack 10 8 /5 /2 0 02  1312 1.17 fq  17.28 13.1 143
B C P 00023 Nyack io 10 /5 /2002  Ï2 5 5 T 5 7 1616.88
B C P 00023 Nyack 10 10 /1 1 /2002  1330 1.54 1016.91 7.8 196
B C P 0b024 Nyack 11 7 /3 0 /2 00 2  1040 1.14 1010 .94 10.6
B C P 00024 Nyack 11 8 /3 /2 0 02  905 1.15 1010.92 7.8
B C P 00024 Nyack 11 8 /5 /2 0 02  955 1.16 ' 1010.91 7.9 131
B C P 00024 Nyack 11 8 /2 9 /2 00 2  1834 1.21 1010.86
B C P 00024 Nyack 11 9 /2 7 /2 00 2  1425 1.20 1010.87
B C P 00024 Nyack 11 1 0 /5 /2002  1444 1.21 1010.87
B C P 00024 Nyack 11 10/12/2002  1133 1.20 1010.88 8.1 221
B C P 00025 Nyack 12 6 /2 9 /2 00 2  1105 1.63 1004.73
B C P 00025 Nyack 12 7 /6 /2 0 02  746 2.23 1004.13 5 8 7.1
8 C P 0 0 0 2 5 Nyack 12 7 /2 0 /2 00 2  828 2.42 1003.94
B C P 00025 Nyack 12 8 /3 /2 0 02  815 2 .50 1003.85 6.6 237
B C P 00025 Nyack 12 8 /2 9 /2 0 0 2 :1 3 2 5 2 .56 1003 80
B C P 00025 Nyack 12 1 0 /5 /2002  840 2 60 1003 .76
B C P 00025 Nyack 12 10/12/2002  1350 2 .59 1003 .76 8.2 332
BCP0Ô026 Nyack 13 6 /2 9 /2 00 2  1 3 lb 0 .80 1005 .42
B C P 00026 Nyack 13 7 /6 /^ 0 2  805  ' 1 .40 1004 82 8 3 7.5
B C P 00026 Nyack 13 7 /2 0 /2 0 0 2  8 40 ' 1 .62 1004.61
B C P 00026 Nyack 13 8 /3 /2002  805 1.71 1004 .52 10.2 142
B C P 00026 Nyack 13 8 /2 9 /2 00 2  1330 1.83 1004 .40
B C P 00026 Nyack 13 1 0 /5 /2002  ^ 1.83 1004 .40
B C P 00026 Nyack 13 1 0 /1 2 /2002  1330 1.8 Ï To b4 .42 8.9 2 19
B C P 00027 Nyack 14 5 /2 1 /2 00 2  1350 1.28 1007 .89
B C P 00027 Nyack 14 5 /2 9 /2 00 2  1527 1 42 1 0 0 7 T 5
B C P 00027 Nyack 14 6 /2 8 /2 0 0 2  1505 1.49 1007.68
B C P 00027 Nyack 14 6 /2 9 /2 0 0 2  8 0 5 ” 1.48 1007.68
B C P 00027 Nyack 14 7 /6 /2 0 02  855 1 81 1007 35 8.5 7.4
B C P 00027 Nyack 14 7 /2 0 /2 00 2  945 1.91 1007 26
B C P 00027 Nyack 14 8 /5 /2 0 02  908 1.94 1007 22 9 2 179
B C P 00027 Nyack 14 8 /3 0 /2 00 2  910 2 .02 1007 .15
B C P 00027 Nyack 14 10 /5 /2 00 2  745 2.01 1007.15
B C P 06027 Nyack 14 10/ 11/2002 1620 1 95 1007 .22 9.0 2 52
B C P 00028 Nyack 15 5 /2 1 /2 00 2  Ï5 3 0 2 .05 1006.91
B C P 00028 Nyack 15 5 /2 9 /2 00 2  1536 2.32 1006 .64
B C P 00028 N yack 15 6 /2 8 /2 0 0 2  1625 2 30 1006 .66
B C P 00028 N yack 15 6 /2 9 /2 0 0 2  902 2.36 1006.60
B C P 00028 N yack 15 7 /6 /2 0 0 2  9 1 7_ 2.87 1 0 0 6 0 9 6.8
B C P 00028 N yack 15 7 /2 0 /2 0 0 2  lb 0 7 2 75 1006 21
B C P 00028 N yack 15 8 /3 /2 0 02  835 3 0 7 1005 .90
B C P 00028 Nyack 15 8 /3 0 /2 00 2  920 3.11 1005 .85
B C P 00028 N yack 15 1 0 /5 /2 00 2  735 3.12 1005.84
B C P 00029 N yack 16 6 /1 3 /2 0 0 2  1406 1.62 1011.77
6 C P 0 0 0 2 9 N yack 16 6 /2 7 /2 0 0 2  Î0 3 3 1.36 1012.04
B C P 0 0 0 29 Nyack 16 7 /7 /2 0 02  9 1 5 ' 1.75. 1 0 1 1 .6 4 7.8 7.5
B C P 0 0 0 29 Nyack 16 7 /2 0 /2 00 2  1621 1.95 ' J O 1I .44
B C P 00029 Nyack 16 7 /2 ^ 2 0 0 2  Ï7 3 4 1.97 I 01 Ï 4 2 !
B C P 00029 Nyack 16 8 /5 /2 0 ^ ^ 4 5 0 2 08 ' 10.9 129
DO Vol D O S at
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Appendix K Ground water and surface water data: water levels and field parameters
S IT E N U M Site N am e b a te  T im e  D T W  W T E L  T e m p pH C ond D O V ol
B C P 00029 Nyack 16 8 /30 /2002  1516 2.15 1011 .24
B C P 00029 Nyack 16 9 /8 /2 0 02  Ï5 0 Ô 2,17 . 1611 22
B C P 00029 Nyack 16 9 /21 /2002  2140 2.22 1611.‘17 9 .0 2 5 5  1 .6
B C P 00029 Nyack 16 9 /22 /2002  1710 2,22 1011 .17
B C P 00029 Nyack 16 9 /29 /2002  915 2 23: 1011 .16 11.2 7 .7  2 02  4 7
B C P 00029 Nyack 16 10/6/2002 8 10 2.23 1 011 .16
B C P 00029 Nyack 16 11/17/2002^0:00 2.28 1011.11
BCPOOOSd Nyack 17 6 /1 3 /2 00 2  1250 1.26 1010 44
B Ç P 00030 Nyack 17 6 /2 7 /2 00 2  9 2 0 .................... 1 0 1 / '  ' 161676
B C P 00030 N y a c k 17 7 /7 /2 0 02  850 1.4Î1 1616.30 5.7 7 .3
B C P 00030 N yack 17 7/20/2002 1 554  " f.eo'”' ' 161a ÏÏ
B C P 00030 N yack 17 8 /5 /2002  1500 7 .0 110
B C P 00030 Nyack 17 8 /30 /2002  1549 1,81 1069.90
B C P 00030 Nyack 17 10/6/2002 800 1.88 1009 .82
B C P 00030 Nyack 17 10/ 12/2002 825 1.87 1009 .83 10.0 188
B CP00031 Nyack 18 5 /20 /2002  1910 0.71 1011.12
B CP00031 N yack 18 6 /2 8 /2 00 2  1420 0.66 1011 .17
B CP00031 Nyack 18 6 /2 9 /2 00 2  7 43 0.67 1011 .16
B CP00031 Nyack 18 7 /6 /2002  1048 0 98 1010 .85 7.2 6.7
B CP00031 Nyack 18 7 /2 0 /2 00 2  1130 1.12 1010 71
B CP00031 Nyack 18 7 /22 /2002  1446 1:14 1010 .69
B CP00031 Nyack 18 8 /5 /2002  9 55 1 18 1010 .65 8 1 338
B CP00031 Nyack 18 8 /29 /2002  1210 1.24 1010 .60
B CP00031 Nyack 18 10/5 /2002  1450 1.24 1010 .59
B CP00031 Nyack 18 10/11/2002  1450 1.22 1010.61 8 1 236
B C P 00032 Nyack 19 6 /1 3 /2 00 2  1045 1.79 1009 .02
B C P 00032 Nyack 19 6 /2 7 /2 00 2  1442 1.59 1009 22
B C P 00032 N y a c k 19 7 /6 /2002  1025 1 88 10 0 8 .9 3  ; 9 .2 7 .5
B C P 00032 Nyack 19 7 /20 /2002  1115 1.99 1008 .82
B C P 00032 Nyack 19 8 /5 /2002  928 2.04 1008 .76 9.7 2 23
B C P 00032 N y a c k 19 8 /29 /2002  1320 2.08 1008 .72
B C P 00032 N yack 19 10/5 /2002  1500 2 11 1 0 0 8 7 0
B C P 00032 Nyack 19 10/11/2002  1430 2 11 1008769 : 9 2 2 30
B C P 00033 N yack 20 5 /20 /2002 1,34 1 0 1 2 4 7  '
B C P 00033 N yack 20 6/ 12/2002 1700 1 5 3 1 0 Ï2 .2 8
B C P 00033 N yack 20 6 /2 8 /2 00 2  1400 1.26 1 0 1 2 5 5
B C P 00033 N yack 20 7 /6 /2002  1108 1.61 1012.21 8 1 7 .4
B C P 00033 Nyack 20 7/20/2062 1147 1 7 5 ! 1012 06
8 C P 0 0 0 3 3 N yack 20 8 /5 /2002  10Ô6 1.81 101261 9.3 2 63
B C P 00033 N yack 20 8 /29 /2002  1823 1.86 1011 95
B C P 00033 N yack 20 10/5 /2002  1433 1.89 1011 92
B C P 00033 Nyack 20 10/ 12/2002 1100 1.88 1011 .93 9 2 313
BCPO0634 Nyack 21 6 /1 2 /2 00 2  1455 1.08 1 013 .56
B C P 00034 Nyack 21 6 /2 8 /2 00 2  1342 0 .79 1013 85
B C P 00034 Nyack 21 7 /6 /2 0 02  1610 1.13 1013 51 8 2 7 .8
B C P 00034 Nyack 21 7 /7 /2002  1143 1.15 1013 .49
B C P 00034 Nyack 21 7 /2 0 /2 00 2  1156 1.29 1013 .35
B C P 00034 Nyack 21 8 /5 /2002  1016 1.34 1013 30 7.9 137
B C P 00034 Nyack 21 8 /29 /2002  1818 1.42 1013 .22
B C P 00034 Nyack 21 1 0 /5 /2002  1428 1.44 1013 .20
B C P 00034 Nyack 21 10 /12 /2002  1050 1.40 1013 .24 8.1 185
B C P 00035 Nyack 22 6/13/2062,1530 1.18 1013 26
B C P 00035 N yack 22 6 /2 7 /2 00 2  1257 0.87 1013 57
B C P 00035 N yack 22 ' 7/7/ 2602 '1 0 2 4 1 39 1013 .05 6.8 7 8
B C P 00035 N yack 22 7/26/2062 1653 1.61 1612 84
B C P 00035 N yack 22 8/ 5/2602 1435 1.79 1012 .65 8.3 123
B C P 00035 Nyack 22 8/ 30/2602 1315 1.95 1 0 1 2 4 9  '
B C P b 0035 N yack 22 10/6 /2002  1035 1.96 1 012 .49
BCPÔ 0035 Nyack 22 10/12/2002  908 1.96: 1012 .48 : ' 8 5 212
B C P 00036 Nyack 23 5/ 21/2662 1126 6.88 161466
B C P 00036 Nyack 23 5 /29 /2002  1110 0.84 1014 70
B C P 00036 Nyack 23 6/ i 2/;^02  1 7 3 ^ 0.99 1 014 .55
B C P 00036 Nyack 23 6/ 28/2002,1266 0.86 1014 68
B C P 00036 Nyack 23 “7/6/2062:1517 1.06 1014 .48 6.8 7,7
B CP00Ô 36 N yack 23 ....................7/26/2662 1228 1. Ï 6 '1 0 1 4  38
B C P 00036 Nyack 23 “'8/ 5/ 2662,1110 1.22 1014 .32 7.8 118
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S IT E N U M Site N am e Date t im e D T W  {W T  EL T e m p  pH C ond
B C P 00036 Nyack 23 8 /2 9 /2 00 2  1803 1 25 1014 .29
B C P 00036 Nyack 23 10 /5 /2002  1310 1.32 1014 22
B C P 00036 Nyack 23 10/ 12/2002 1300 1.27 1014 .27 7.2 184
8 C P 0 0 0 3 7 N yack 24 5 /2 1 /2 00 2  1215 0 .6 5 1018 .76
B C P 00037 Nyack 24 6/ 13/2062  8 45 0 .97 1 0 1 8 4 5
B C P 00037 Nyack 24 6 /2 8 /2 0 0 2  902 0 .7 6 1 0 1 8 6 5
B C P 00037 Nyack 24 7 /6 /2 0 0 2  1225 1.17 1018 24 11.1 7.1
B C P 00037 Nyack 24 7 /2 0 /2 0 0 2  1445 1 4 6 1017 .95
^CP0QO37 N yack 24 8 /5 /2 0 0 2  1255 1 77 1017 64 9 .4 166
B C P 00037 Nyack 24 8 /2 9 /2 0 0 2  1655 202 1017 40
B C P 00037 N yack 24 10/5/2602 1118 2 25 1017 .17
B C P 00037 Nyack 24 1 0 /1 1 /20 0 2  1045 2 .25 1 017 .16 7.9 211
B C P 00038 Nyack 25 7 /3 0 /2 00 2  1515 1.42 1 013 .99 7.7
B C P 00038 Nyack 25 8 /2 /2 0 0 2  1309 1.41 1 014 .00
8 C P 0 0 0 3 8 Nyack 25 8 /3 /2 0 0 2  1010 1.42 1 014 .00 7 2 169
8 C P 0 0 0 3 8 Nyack 25 8 /5 /2 0 0 2  1022 1.40 1014.01 6.7 110
8 C P 0 0 0 3 8 Nyack 25 8 /3 0 /2 00 2  1262 1 .45 1013 96
B C P 00038 Nyack 25 10 /5 /2002  1315 1.49 1013 .92
B C P 00038 Nyack 25 1 0 /12 /2002  1030 ’ 1 .48 1 013 .93 9.4 207
B C P 00039 Nyack 26 6 /1 3 /2 0 0 2  1558 1.21 1Ô14.55
B C P 00039 Nyack 26 6 /2 7 /2 0 0 2  1140 0 .89 1 0 1 4 8 7
B C P 00039 Nyack 26 7 /7 /2 0 02  1052 1 45 1014.31 8 .5  7 9
B C P 00039 Nyack 26 7 /2 0 /2 0 0 2  1726 1.72 1014 04
B C P 00039 Nyack 26 8 /5 /2 0 02  1428 1.94 ’ 1 013 .82 11.3 108
B C P 00039 Nyack 26 8 /2 9 /2 0 0 2  1300 2.12 1 013 .64
B C P 00039 Nyack 26 10 /6 /2 00 2  1045 2 .14 1013.61
B C P 00039 Nyack 26 1 0 /1 2 /2002  9 30 2 .28 1013 .47 9.6 192
B C P 00079 Nyack 27 9 /1 0 /2 0 0 2  1337 2 26 1011 .46
B C P 00079 Nyack 27 9 /2 1 /2 0 0 2  2 10 5 2 29 1011 .43 8.6 234
B C P 00079 Nyack 27 9 /2 8 /2 0 0 2  915 2 .32 1011 .40 7.4 7.6 217
B C P 00079 Nyack 27 10 /6 /2 00 2  957 2 .35 1011 37
B CP0008D Nyack 28 9 /9 /2 0 02  1055 1.67 1012 .19
B C P 00080 Nyack 28 9 /1 0 /2 0 0 2  1317 1.66 1012 20
B C P 00080 Nyack 28 9 /2 1 /2 0 0 2  2120 1 68 1012 18 8 4 232
B C P 00080 Nyack 28 9 /2 8 /2 0 0 2  9 00 1.69 1012 .17 6 .3  7.7 2 25
B C P 00080 Nyack 28 10 /6 /2 00 2  950 1.70 1012 16
B C P 00040 D alim ata  field 4 /2 3 /2 0 0 2  1200 1 27 1014 90
B C P 00040 D alim ata  field 5 /1 /2 0 0 2  1623 1.42 1 014 .75
B C P 00040 D alim ata  field 5 /9 /2 0 0 2  1508 1.40 1014 .77
B C P 00040 D alim ata  field 5 /2 9 /2 00 2  1205 0 .82 1015 35
B C P 00040 D alim ata  field 6 /1 3 /2 0 0 2  805 0 .96 1015.21
B C P 00040 D alim ata  field 6 /2 8 /2 0 0 2  1324 0.71 1015 .46
B C P 00040 Dalim ata field 7 /6 /2 0 02  1552 1.16 1015.01 11.9 7.1
B C P 00040 D alim ata field 7 /2 0 /2 0 0 2  1220 1.36 1014.81
BCP0004C D alim ata  field 8 /3 /2 0 0 2 '1121 1 .48 1014 69 11.1 358
B C P 00040 D alim ata  field 8 /5 /2 0 02  1059 1 .48 1014 .69 11.0 246
B C P 00040 D alim ata  field 8/30/2602 1237 1,56 1014.61
B C P 00040 D alim ata  field 9 /2 7 /2 0 0 2  1531 1 .63 1 014 .54
B C P 00040 D alim ata  field 1 0 /5 /2 00 2  1318 1 .63 1014 .54
B C P 00040 D alim ata  field 1 0 /1 2 /20 0 2  1240 1 62 1014 .55 10.6 246
B CP00041 Tinhorn 4 /2 3 /2 0 0 2  1330 1 .72 1007 99
BCP00041 Tinhorn 5 /1 /2 0 0 2  {6 4 0 1.82 1 007 .89
BCP00041 Tinhorn 5 /1 0 /2 00 2  635 1.83 1 007 .88
BCP00041 Tinhorn 5 /2 9 /2 00 2  1520 1.32 1008 39
B CP00041 Tinhorn 6 /2 8 /2 0 0 2  1443 1 35 1008 36
B CP00041 Tinhorn 7 /6 /2 0 0 2 .8 4 2 ^ 1.70 1008.01 8 8 6 .9
B CP00041 Tinhorn 7/26/2002 9 40 1.81 1007.91
B CP00041 Tinhorn 8 /3 /2 0 0 2  1352 1 87 1007 85 7.1 333
B C P 00041 Tinhorn 8 /5 /2 0 02  915 1 86 1 007 .85 7 .2 215
B C P 00041 Tinhorn 8 /2 9 /2 00 2  055 1.89 1007 82
B C P 00041 tin h o rn T 675/2062 818 1 .90 1007 81
B C P 00041 Tinhorn 1 0 /11 /2002  1640 1 .89 1007 .82 8.1 2 82
B C P 06042 Sargent South 4723/2062 T 34O 1 83 1008 14
B C P 00042 Sargent South 5 /1 /2 0 02  '1653 1 85 1008 12
B C P 00042 Sargent South 5 /1 0 /2 0 0 2 :8 1 9 2 .07 1007 .90
B C P 00042 Sargent South 5/ 21/2062 1600 0 68 1 00 9 .2 9










Appendix K. Ground water and surface water data: water levels and field parameters
S IT E N U M Site N am e Date T im e D T W W T E L T em p pH Cond
B C P 00042 Sargent South 5 /29 /2002  1541 1 05 1 008 .92
B C P 00042 Sargent South 6 /2 8 /2 00 2  1657 1.23 1008 74
B C P 00042 Sargent South 7 /6 /2 0 02  9 3 2 * 1 .72 1608.25 7.1 7 3
B C P 00042 Sargent South 7 /2 0 /2 00 2  104Ô 1.81 1008 .17
B C P 00042 Sargent South 8 /3 /2 0 02  1453 1.87 j ^ J I 7 .8 177
B C P 00042 S argent South 8 /5 /2002  1517 1.87 1008.11 7 .8 177
B C P 00042 S argent South 8 /3 0 /2 00 2  931 1.90 1008 .07
B C P 00042 S argent South 10/5 /2002  7 25 1.91 1008  07
B Ç P 00042 S argent South 10711/2002 1600 1 91 1008 07 8 .7 254
B C P 00043 Sargent North 4 /2 3 /2 00 2  1345 2 .54 1006.31
B C P 00043 Sargent North 5 /1 /2 0 02  165Ô 2 .57 1 006 .28
B C P 00043 Sargent l4orth 5 /1 0 /2 00 2  8 22 2 .57 1006 28
B C P 00043 Sargent North 5 /2 1 /2 00 2  1605 1,37 1 007 .48
B C P 00043 S argent North 6 /2 9 /2 00 2  1543 1.74 1007.11
B C P 00043 S argent North 6 /2 8 /2 0 0 2  T 6 3 8 1.91 1006 .93
B C P 00043 Sargent North 7 /6 /2 0 0 2  9 55 2.41 1 0 0 6 4 4 7.4 7 .5
B C P 00043 S argent North 7/20/2062 1030 2 .52 1006 .33
B C P 00043 S argent North 8 /3 /2 0 02  1410 2 .58 1006  26 8.8 246
B C P 00043 Sargent North 8 /5 /2 0 02  8 46 2 .59 1006 26 8 5 135
B C P 00043 Sargent North 8 /3 0 /2 0 0 2  9 40 2 63 1006.21
B C P 00043 Sargent North 10/ 5/2602 7 30 2 .65 1006 .20
B C P 00043 Sargent North 1 0 /11 /2002  1545 2.66 1006 .19 9.0 246
B C P 00044 RR 5 /2 9 /2 00 2  1500 0 .37 1017 .48
B C P 00044 RR 6 /2 8 /2 00 2  1119 0  37 1017 48
B C P 00044 RR 7 /6 /2 0 0 2  1300 0 .73 1 0 1 7 1 2 9.5 7.3
B C P 00044 RR 7 /2 0 /2 00 2  1410 0  93 1 016 .92
B C P 00044 RR 8 /5 /2 0 02  1407 1 12 1016 73 6.1 97
B C P 00044 RR 8 /2 9 /2 00 2  1704 1.26 1016 59
B C P 00044 RR 9 /2 7 /2 00 2  1630 1.42 1016 44
B C P 00044 RR 1 0/5 /2002  1305 1.45 1016 41
B C P 00044 RR 1 0 /1 1 /2002  1140 1.43 1016 42 8.7 221
B C P 00045 Fence 4 /9 /2 0 0 2  1515 2 .60 1016 .64
B C P 00045 Fence 4 /2 3 /2 0 0 2  9 45 2.01 1017 23
B C P 00045 Fence 5 /1 /2 0 02  9 00 2.12 1017 12
B C P 00045 Fence 5 /9 /2 0 02  1250 2.12 1 017 .12
B C P 00045 Fence 5 /2 9 /2 00 2  1335 0 91 1018 33
B C P 00045 Fence 6 /2 8 /2 00 2  1028 661 1018 33
B C P 00045 Fence 7 /6 /2 0 0 2  1313 1 46 1017 .78 9 .9 7 .2
B C P 00045 Fence 7/20/2662 1414 i.7 3 1017 51
B C P 00045 Fence 8 /3 /2 0 02  1640 1 98 1017 26
B C P 00045 Fence 8/ 5/2602 1402 1 91 1017 33 12.0 139
B C P 00045 Fence 8 /2 9 /2 0 0 2  1710 2 .15 1017 09
B C P 00045 Fence 9 /2 7 /2 00 2  1603 2 .33 1 016 .90
B C P 00045 Fence 1 0 /5 /2002  1302 2 .37 1016 87
B C P 00045 Fence 10/ 11/2002 1210 2 .36 1016 88 12.0 232
B C P 00045 Fence 10/29/2001 2 83 1016.41
B C P 00045 Fence 11/20/2001 1100 2 .93 1016.31
B C P 00046 D O T  35 5 /1 /2 0 02  1310 1.52 1011.31
B C P 00046 D O T 35 5 /2 1 /2 00 2  9 45 1.03 1011 .80
B C P 00046 D O T 35 5 /2 9 /2 00 2  1508 1.13 1011 .70
B C P 00046 D O T 35 6 /1 3 /2 0 0 2  930 1.31 1011 .52
B C P 00046 D O T  35 7/6/2062 1152 1 .43 1011 .40
B CPÛ 0046 D O T  35 7 /2 0 /2 00 2  1500 1 .56 1011 .28
B C P 00046 D O T  35 8 /5 /2 0 0 2  1123 1 .63 1011 21 10.6 158
B C P 00046 D O T  36 8 /2 9 /2 00 2  1404 1.66 1011 17
B C P 00046 D O T  35 16/ 5/2002 1030 1 .65 1011 .18
B C P 00046 D O T  35 10/ 11/2662 1510 8.5 213
B C P 00048 Hill 6 /2 8 /2 00 2  9 30 2 .6 0 1019.81
B C P 00048 Hill " 7/6/2062 1246 6 .2 6 lo ig . f s
B C P 00048 Hill 7 /2 0 /2 00 2  1430 3 64 1018 .77
B C P 00048 Hill 8/ 5/2062 1243 " 4.21 1018.21 ............9 .4 94
B C P 00048 Hill '8 /2 9 /2 0 6 2 J 6 3 0 4 31 1018 .10
B C P 00048 Hill 16/ 5/2662 1160^ ■ '4 64 1017 .77
B C P 00049 W h ee le r 6/2 9 /^ 6 2  930 " Z 6 9 1 005  75
B C P 00049 W h ee le r J /6 /2 0 0 2  8 2 7 _ Z 9 7 1005^47
B C P 0d049 W h ee le r . "8/ 5/ 266211550 3 .17 1005 27
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S IT E N U M Site N am e D ate T im e D T W  W T E L Te m p  pH Cond D O V ol D O S at
B C P 0 0 0 49 W h ee le r 8/29/ 2662,1306 3 1 8 1 0 0 5 .2 6
B C P 00049 W h ee le r 1 0 /5 /2 00 2  830 3.15 1 00 5 .2 9
B C P 0 0 0 49 W h ee le r 10/ 12/2662 1415 8 .5 265
B C P 0 0 0 50 G W R  LG 5/26/2602 1710 1.77 1 0 1 6 .8 0
B C P 0 0 0 50 G W R  LG 5 /2 9 /2 00 2  1247 ........ 1 85 1 01 6 .7 2
B C P 00050 G W R  LG 6 /1 3 /2 0 0 2  9 Ï5  ' 2 0 6 ' 1016.51
BCPoobso G W R  LG 6/28 /20Ô 2 957 ■ 2 .05 V016.'52
B C P 0 0 0 50 G W R  LG 7/6/2662 1140 2 00 101 6 .5 7
B C P 00050 G W R  LG 8/ 5/2662 Ï Ï 5 5 2.71 1 0 1 5  86 : ■ ' 6 5 142
B C P 00050 G W R  LG 8 /2 9 /2 0 0 2  1530 2 92 1 0 1 5  65
B C P 00050 G W R  LG 10/5/2062 1050 3 08 1615.49
B C P 00050 G W R  LG 1 0 /1 3 /20 0 2  1215 6 2 217
8 C P 0 0 0 51 G W R  SM 5 /2 0 /2 0 0 2  1757 1.82 1 0 1 6 .9 6
8 C P 00051 G W R  S M 5 /2 9 /2 0 0 2  1230 1.62 1 017 .16
BCPOOOSi G W R  S M 6 /1 3 /2 0 0 2  906 2.11 1 0 1 6 .6 7
B CP00051 G W R  SM 6 /2 8 /2 0 0 2  950 2 13 1 0 1 6 .6 5
B CP00051 G W R  SM 7 /6 /2 0 0 2  1130 2 .27 1016.51
B CP00051 G W R  S M 8 /5 /2 0 0 2  1145 2 .55 1 0 1 6 .2 3 12.5 119
B CP00051 G W R  S M 8 /2 9 /2 0 0 2  1500 2 .76 1 0 1 6 .0 2
B CP00051 G W R  S M 1 0/5 /2 00 2  1040 2 .92 1015  86
B C P 00052 W ally A 8/20/2062 1106
B C P 00052 W ally A 8/ 22/2002 1120 1.18 1611 96 i l . 4 146 8.8 81
B C P 00052 W ally A 8 /3 0 /2 0 0 2  1343 1.19 1 01 1 ,9 5
B C P 00052 W ally A 9 /8 /2 0 0 2  1445 1.19 1 01 1 .9 5
B C P 00052 W ally  A 9/21/2062 1925 1.25 1011 89 9.7 180 9.1 80
B C P 00052 W ally A 9 /2 2 /2 0 0 2  1710 1.25 1011 89
B C P 00052 W ally A 9/27/2662 1210 1.26 1011 88
B C P 00052 W ally A 9 /2 8 /2 0 0 2  1003 1.28 1 01 1 .8 7 6 .7  8 1 185 10.1 83
B C P 00052 W ally A 1 0 /6 /2 00 2  844 1.27 1 011 .87
B C P 00052 W ally A 1 1 /1 7 /20 0 2  ‘ ' 1 30 1 011 .84
B C P 00070 W ally A 2 9 /2 8 /2 0 0 2  1030 1.51 8 .5  8.1 184 7.8 68
B C P 00070 W ally  A 2 1 1 /1 7 /20 0 2 1.53
B C P 00070 W ally  A 2  up 9 /2 8 /2 0 0 2  1110 9 .3  8 1 182 8.0 70
B C P 00053 W ally  B 8/20/2662 1300 1.18 1011 92
B C P 00053 W ally 8 8 /2 2 /2 0 0 2  1240 1.18 1011 92 12.0 149 8.9 83
B C P 00053 W ally B 8 /3 0 /2 0 0 2  1410 1.19 1011.91
B C P 00053 W ally  B 9/8/2062 1447 1.19 1611.91
B C P 00053 W ally B 9 /2 1 /2 0 0 2  1900 1.25 1011 85 9.8 8.5 75
B C P 00053 W ally B 9 /2 2 /2 0 0 2  1710 1.26 1 o i l  85
8 C P 0 0 0 5 3 W ally  B 9 /2 7 /2 0 0 2  1155 1.26 1 0 1 1 .8 4
B C P 00053 W ally  B 9 /2 8 /2 0 0 2  1140 1.27 1 011 .84 8 .5  8.0 180 9.6 82
B C P 00053 W ally  B 1 0 /6 /2 00 2  848 1.27 1011 84
B C P 00053 W ally  B 11 /1 7 /20 0 2 1.31 1 011 .79
B C P 00054 W ally  C 8 /2 0 /2 0 0 2  1500
B C P 00054 W ally  C 8/ 22/2602 1345 1.17 1 011 .95 12.7 161 6.8 65
B C P 00054 W ally G 8 /3 0 /2 0 0 2  1415 1.19 1011 93
B C P 00054 W ally 0 8 /3 1 /2 0 0 2 1.19 1 011 .92
B C P 00054 W ally C 9 /8 /2 0 0 2  1449 1.20 1011 92
8 C P 0 0 0 5 4 W ally  0 9 /1 0 /2 0 0 2  1240 1.13 l O i l  99
B C P 00054 W ally  0 9/ 21/2062 1930 1 26 1011 86 10.8 186 7.4 67
B C P 00054 W ally  C 9 /2 2 /2 0 0 2  1715 1 27 1011 85
B C P 00054 W ally  C 9/ 27/2602 1140 1.28 1011 84
B C P 00054 W ally  C 9 /2 8 /2 0 0 2  1150 1 28 1011 84 9  4 8 1 190 8,4 74
B C P 00054 W ally  C 10/672002 852 1.28 1 011 .84
B C P 00054 W ally  C 11/ 17/2062 1.32 1 0 1 1 8 0
B C P 00071 W ally  0 2 9 /2 8 /2 0 0 2  1230 1.57 11.9 8.1 202 6 2 55
B C P 00071 W ally  C 2 11 /1 7 /20 0 2 1 54
B C P 00071 W ally  0 2  up 9 /2 8 /2 0 0 2  1245 11.3  8 0 194 7.6 70
B C P 00055 W ally  D 8/21/2662 900
B C P 00055 W ally  D 8/ 22/2002 1100 1.35 1011 75 1 1 9 241 1.0 9
B C P 0 0 0 55 W aliy  D 8 /2 5 /2 0 0 2  1100 1T36 1011 73 11.9 243 1,0 9
B C P 0 0 0 55 W ally D 8 /3 0 /2 0 0 2  1420 1.37 1 0 1 1 .7 2
B C P 0 0 0 55 W ally D 9/8/2602 1454 1.37 1 0 1 1 .7 2
B C P 0 0 0 55 W aliy  D 9 /2 Ï/2 0 0 2  1950 1,43 1011.66 10 9 299 1.2 11
B C P 0 0 0 55 W ally  6 9/22/2602 1715 1 44 . 1011.66
B C P 0 0 0 55 W ajly  D 9/ 27/26021160 1 45 1011 64
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S IT E N U M Site N am e D ate  T im e D T W  W T  EL T e m p pH Cond D O V ol D O S a t
BCPOOOSS W aily  0 9 /2 8 /2 0 0 2  1325 1.45 1011 .64 1 1 3 7.5 294 0.5 4
B C P 0 0 0 55 W ally  D 1 0 /6 /2 00 2  S5S 1.45 101 i  64
BCPOOOSS W ally  D 1 1 /1 7 /2002 1 48 1011.61
B C P 00072 W ally  D 2 9 /2 8 /2 0 0 2  1420 0 .39 8.0 7.8 203 3.8 32
B C P 0 0 0 72 W ally  0 2 1 1 /1 7 /2002 0 .52
B C P 0 0 0 72 W ally  0 2  up 9 /2 8 /2 0 0 2  152S 8 0 7.9 2 08 4 .8 40
B C P 00056 W aily  È 8/ 21/2002 1200
B C P 0 0 0 56 W aily  E 8/ 22/2Ô02 1020 0 .56 1011 .70 10.3 224 1 4 13
BCPOOOSS W aily  Ë 8/22/2062 '10 4 0 0 .52 1011 74 8 9 174 3.0 26
BCPOOOSS W ally  E 8 /2 5 /2 0 0 2  1250 0 .5 7 1 011 .69 9 7 228 2.9 27
BCPOOOSS W aily  E 8 /2 5 /2 0 0 2  1300 0 .5 0 101 1 .7 6 8.4 172 3.4 29
BCPOOOSS W ally  E 8 /3 0 /2 0 0 2  1430 0.57 1011.68
BCPOOOSS W ally  E 9 /S /2002  1508 0 57 1011 68
BCPOOOSS W ally  E 9 /2 1 /2 0 0 2  2020 0.61 1 011 .64 9.1 2 69 0,6 5
BCPOOOSS W ally  E 9 /2 2 /2 0 0 2 .1 7 2 0 0.61 1011 .64
BCPOOOSS W ally  E 9/ 27/ 2602 ‘ 10 1 5" 0 .5 2 i 0 11.74
BCPOOOSS W ally  E 9 /2 8 /2 0 0 2  1540” 6 .62 1 0 1 1 6 4 9 0 7.7 266 0.9 8
BCPOOOSS W ally  E 1 0 /6 /2 00 2  858 0 .56 1 011 .69
BCPOOOSS W aliy  È 1 1 /1 7 /20 0 2  ......... 0 .5 9 1611 66
B CP000S7 W aily  F 8/ 21/2602 1466
B C P 00057 W a  ily F 8/22/2002 1120 0 .56 1011 54 10.3 224 1.4 13
B CP000S7 W ally  F 8 /2 5 /2 0 0 2  1350 0 .57 1 011 .52 9 7 228 2.9 27
B C P 00057 W ally  F 8 /3 0 /2 0 0 2  0:00 0 .57 1 011 .52
B C P 00057 W ally  F 9 /8 /2 0 0 2  0:00 0 .57 1 011 .52
B C P 00057 W ally  F 9 /2 1 /2 0 0 2  0 06 0.61 1 011 .48 9  1 269 0.6 5
B C P 00057 W ally  F 9 /2 7 /2 0 0 2  0:00 0 .52 1011 .57
B C P 00057 W ally  F 9 /2 8 /2 0 0 2  0:00 0 .62 1011 .47 9 0 7.7 266 0.9 8
B C P 00057 W ally  F 1 0 /5 /2 00 2  0:00 0.61 1011 .48
B C P 000S 7 W ally  F 11/ 17/2062 0 00 0 .65 1011 .44
BCPOOOSS W ally  G 8/21/2002 1S00
BCPOOOSS W ally  G 8 /2 2 /2 0 0 2  1040 0 .73 1 011 .33 111 216 1.6 15
BCPOOOSS W ally  G S /2 5 /2 0 02  1335 0 .73 1 0 1 1 .3 2 1 1 3 219 1 7 16
BCPOOOSS W a  ily G S /3 0 /2 0 02  1435 0 .74 1 0 1 1 .3 2
BCPOOOSS W ally  G 8 /3 1 /2 0 0 2 0.74 1 011 .32
BCPOOOSS W ally  G 9/ 8/2662 1510 6.73 1 011 .32
BCPOOOSS W ally  G 9 /2 1 /2 0 0 2  2030 0.76 101 i .  30 9.4 259 1.5 13
BCPOOOSS W ally  G 9 /2 2 /2 0 0 2  1720 6.77 1 011 .29
BCPOOOSS W ally  G 9 /2 7 /2 0 0 2  905 0.77 1 011 .29
BCPOOOSS W ally  G 9 /2 8 /2 0 0 2  1610 0 T 7 1 0 l i .2 9 9.8 7.8 259 1.6 14
BCPOOOSS W ally  G 1 0 /6 /2 00 2  905 0 .77 1 011 .29
BCPOOOSS W ally  G 1 1 /1 7 /2 0 0 2  0:00 0 .79 1011 27
B C P 00073 W ally  G2 9 /6 /2 0 0 2  1128 0 .90 1011.20
B C P 00073 W ally  G2 9/8/2062 1511 6 .76 1611.34
B C P 00073 W ally  G2 9 /1 0 /2 0 0 2  1445 0.76 1011 34
B C P 00073 W aliy  G 2 9 /2 1 /2 0 0 2  204 0 6 .79 10l i . 6 l 8.0 226 0.3 3
B C P 00073 W ally  G 2 9 /2 2 /2 0 0 2  1725 0 7 8 1011 32
B C P 00073 W aiiy  G2 9 /2 8 /2 0 0 2  1630 0 .79 1011 31 9 .2 7.6 223 2 8 24
B C P 00073 W ally  G 2 1 0 /6 /2 00 2  908 O.SO 1 011 .30
B C P 00073 W ally  G 2 11/ 17/2062 0:00 0.82 1011 .28
B C P 00074 Control A 9 /1 0 /2 0 0 2  910 1.93 1011 .24
B C P 00074 Control A 9 /2 1 /2 0 0 2  1735 1.97 1 011 .19 11.7 183 6 2 57
B C P 00074 Control A 9 /2 2 /2 0 0 2  1700 1 98 1 011 .19
B C P 00074 Control A 9 /2 7 /2 0 0 2  1357 1.99 1011 17
B C P 00074 Control A 9 /2 9 /2 0 0 2  745 2.00 1 011 .16 10.9 8.0 191 7.5 68
B C P 00074 C o n tro iA 16/6/2602 829 1 99 1 011 .17
B C P 00074 Control Â 1 1 /1 7 /20 0 2  0:00 2 .04 1011.12
B C P 0 0 0 75 Control B 9/ 16/2662 941 ' 1 .93 '161127
B C P 0 0 0 75 Control B 9/21/2602 1800 1.97 1011.22 11.3 180 7.7 65
B C P 0 0 0 75 Control B 9 /2 2 /2 0 0 2  1700 1.98 161122
B C P 0 0 0 75 Control B 9 /2 7 /2 0 0 2  1342 1 .99 1011.20
B C P 0 0 0 75 Control B 9/ 29/2062 816 i .9 9  ' 1011.20 9.6 7.7 190 8.2 73
B C P 0 0 0 75 Control B 10/6/2002 827 2.00 101120
B C P 00075 Control B 11/ 17/2662 0:00 2 .03 ' 1011.17
B C P 0 0 0 76 Control C 9 /1 0 /2 0 0 2  1045 2 .14 161136
B C P 0 0 0 76 C o n tro iC 9/2^ ^ 6 6 2 6 ^ 6 2 Y i i a ' '  ' ' 1 01 1 .2 6 12.0 l“95 ' 5 .9 55
B C P 0 0 0 76 Control C 9/22/2662 ”1700 2 .19 1 0 1 1 2 5
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t e m p  pH Cond D O Vol D O S at  
11 1 7 .5  194 6 .5  59
S IT E N U M Site  N am e D ate Tim e D T W  W T E L
BCP00Ô 76 Control C 9 /2 7 /2 0 0 2 ,1 3 2 5 2.20 1011 24
B C P 00076 Control C 9 /2 9 /2 0 0 2  840 2.22 1011.22
B C P 00076 Control C 10/ 6/2002 825 2 .2 0 1 01 1 .2 4
B C P 00076 Control C 11 /1 7 /20 0 2  0:00 2 .2 4 1011.20
B C P 00077 Control D 9 /1 0 /2 0 0 2  Ï 6 Ï 8 1 72 101 î  23
B C P 00077 Control D 9 /2 1 /2 0 0 2  1815 1 .76 l o i  1 .19
B C P 00077 Control D 9 /2 2 /2 0 0 2  1705 1 .76 1 0 1 1 .1 8
B C P 00077 Control D 9 /2 7 /2 0 0 2  1307 1.77 ib T î . i s :
B C P 00077 Control D 9 /2 9 /2 0 0 2  950 i.'77 : 101 1 .1 8
B C P 0b077 Control D 10/6/2002 815 1.77 1 0 1 1 .1 8 '
B C P 00077 Control D 1 1 /1 7 /20 0 2 1.80 1011 .14
B C P 00078 Control E 9 /1 0 /2 0 0 2  1730 1.82 1 011 .25
B CP00Ô78 Control E 9 /2 1 /2 0 0 2  1830 1.92 1 011 .15
B C P 00078 Control E 9 /2 2 /2 0 0 2  1705 1.92 1 011 .15
B C P0C 078 Control E 9 /2 7 /2 0 0 2  1248 1.93 1011 14
B C P 00078 Control E 9 /2 9 /2 0 0 2  1018 1 95 1011.12
B C P 00078 Control E 10/6/2002 820 1 94 101 1 .1 3
B C P 00078 Control E 1 1 /1 7 /2 0 0 2  0:00 1.97 1011 10
B CP00081 BC G a g e  A 8 /1 3 /2 0 0 2 0 .4 0 1010  49
B CP00081 BC G a g e  A 8 /3 0 /2 0 0 2  1615 0 .35 1010 45
B CP00081 BC G a g e  A 9 /8 /2 0 0 2  1715 0 .36 1010 45
B CP00081 BC G a g e  A 1 0 /6 /2 0 0 2  1103 0 .33 1010 4 3
B C P 00082 BC G a g e  B 8 /1 3 /2 0 0 2 0 .48 i  010 94
B C P 00082 BC G a g e  B 8 /3 0 /2 0 0 2  1500 0 .46 1010 .92
B C P 00082 BC G a g e  6 1 0 /6 /2 00 2  9 15 0 .44 1 01 0 .9 0
B C P 00083 BC G a g e  C 8 /1 3 /2 0 0 2 0.00 1010 .76
B C P 00083 BC G a g e  C 8 /3 0 /2 0 0 2  1450 0 .24 1010 .99
B C P 00083 BC G a g e  C 8 /3 1 /2 0 0 2 0 .24 1011.00
B C P 00083 BC G a g e  C 9 /8 /2 0 0 2  1550 b 24 1011.00
B C P 00083 BC G a g e  C 9 /2 2 /2 0 0 2  1800 0 22 1610.98
B C P 00083 BC G a g e  C 9 /2 8 /2 0 0 2  1715 NA NA
B C P 00083 BC G a g e  C 1 0 /6 /2 0 0 2  9 20 0.22 1*010.98
B C P 00084 BC G a g e  D 8 /1 4 /2 0 0 2 b .4 0 1011 59
B C P 00084 BC G a g e  0 8 /3 0 /2 0 0 2  1445 O A I 1 011 .60
B CP00G84 BC G a g e  D 9 /8 /2 0 0 2  1535 0.41 1011 60
B C P 00084 BC G a g e  p 1 0 /6 /2 0 0 2  925 0 .39 1 0 1 1 5 7
B C P b 0085 M F G age  Ë 8 /1 4 /2 0 0 2 b  56 1 012 .14
BCPQooaa M F G age  E 8 /3 0 /2 0 0 2  1400 0 .52 1012.10
B C P 00085 M F G age  E 8 /3 1 /2 0 0 2 0 .52 1012.10
B C P 00085 M F G a g e  E 9 /8 /2 0 0 2  1420 0 .5 3 1012.11
B C P 00085 M F G a g e  E 9 /2 2 /2 0 0 2  1730 6 .4 4 1012.02
B C P 00085 M F G a g e  E 9 /2 8 /2 0 0 2  1000 NA NA
6 C P 0 0 0 8 5 M F G a g e  E 1 0 /6 /2 00 2  842 0 .4 4 1012.02
B CPQ 0085 M F G a g e  E 1 1 /1 7 /2 0 0 2 0  45 1012 .03
B C P 00086 M F G a g e  F 8 /1 4 /2 0 0 2 0 .5 5 1012.26
B C P 00086 M F G a g e  F 8 /3 0 /2 0 0 2  1350 0 .5 2 1012 .17
B C P 00086 M F G a g e  F 9 /8 /2 0 0 2  1400 0.51 1012 .16
B C P 00086 M F G a g e  F 1 0 /6 /2 0 0 2  935 0 .4 3 1012 08
B G P 00087 M F G a g e  H 8 /3 0 /2 0 0 2  1530 0 .3 3 1 0 1 1 3 2
B CPG 0087 M F G a g e  H 9 /8 /2 0 0 2  1430 0 .3 3 1011 .32
B C P 00087 M F G a g e  H 9 /2 2 /2 0 0 2  1330 0 .24 1011 .23
B C P 00087 M F G a g e  H 1 0 /6 /2 0 0 2  832 0 .2 3 1011.21
BCPOOOSS BC G a g e  J 8 /3 0 /2 0 0 2  1330 0 3 1 *1 0 1 2 3 4
B C P 00088 BC G a g e  J 9 /8 /2 0 0 2 0 .3 2 1 012 .35
B C P 00088 BC G a g e  J 1 0 /6 /2 0 0 2  1030 6 .3 0 1012 .33
B C P 00089 BC Pouliot G age 11 /20 /2001  900 1 .17 1 013 .87
B C P 0 0 0 89 BC Pouiiot G age 4 /9 /2 0 0 2  1725 lT l9 1 013 .88
B C P 0 0 0 89 BC Pouliot G age 4 /2 3 /2 0 0 2  1155 1 3 3 1014 03
B C P 0 0 0 89 BC Pouliot G age 571/2002 ïë s b 1.31 1014.01
B C P 0 0 0 89 BC Pouliot G age 5 /9 /2 0 0 2  1515 "1.31 1014.01
B C P 00089 BC Pouliot G age 5/ 26/ 20Ô2 1100 ■ 201 1014 71 '
BCP0GO89 BC Pouliot G age 5 /2 9 /2 0 0 2
B C P 0 0 0 8 9 ' BC Pouiiot G age 6 /1 2 /2 0 0 2  1555 1,66 1014 .36
B C P 0 0 0 89 BC Pouliot G age 6 /1 3 /2 0 0 2  756 1.72 1014 4 2
BCPOOOSS BC Pouliot G age 6 /2 8 /2 0 0 2
B C P 0 0 0 89 BC Pouliot G age 7 /6 /2 0 02  1540 1 69 1014 39
10,3 2 13  3.7 33
10.3 7,9 2 2 6  2 .9  26
9.6 3 23  1.4 12
9 1 7.7  3 50  1.9 17
10.8 8 .2  184 9 .2  82
6 .9  8.1 184 9 .8  81
S ta ff p la te  n o t  v is ib le  
s ta f f  p la te  n o t  v is ib le
Page 119
Appendix K. Ground water and surface water data: water levels and field parameters
Te m p  pHS IT E N U M Site N am e D ate T im e D T W  W T E L
. B C P 0 0 0 89 BC Pouliot G age 7 /7 /2 0 02  i f l  22 1.71 1 0 1 4 .4 0
B C P 0 0 0 89 BC Pouliot G age 7 /2 0 /2 0 0 2 :1 2 1 5 ' - ■ 1 ,45  ' 1 01 4 .1 5
B C P 0dd 89 BC Pouiiot G age 8/ 5/2062 ■ lo s s " 1.37 1 014 .07
B C P 0 0 0 89 BC Pouliot G age 8 /3 0 /2 00 2  1245 1 28 1013 98
B C P 00Ü 89 BC Pouliot G age 10/5 /2002  1420 ' ' 1.22 id  13.91
B C P 0 0 0 90 BC G age  C am p 9 /8 /2 0 02  1705 0  26 1009 .84
B C P 0 0 0 90 BC G age  C am p 10/6 /2002  I’ i i d 0 .22 1009.81
B C P 00091 C ascadilla  G age 4 /9 /2 0 0 2  1555 0 .00 1028 .70
B C P 00091 Cascadilla  G age 4 /2 3 /2 00 2  1430 0 .33 1029 .03
B C P 00091 C ascadilia  G age 5 /9 /2 0 02  1314 0 2 5 1028 .95
B C P 00091 C ascadilla  G age 5 /2 2 /2 00 2  815 1.22 1029 .92
B C P 00091 C ascadilla  G age 7 /6 /2 0 02  1500 0 .57 1029 .27
B C P 00091 C ascadilia  G age 7 /2 0 /2 00 2  1423 0  27 1028 97
B C P 00091 C ascadilla  G age 8 /5 /2 0 0 2  1232 0.01 1028.71
B CP00091 C ascadilla  G age 8 /2 9 /2 0 0 2  1620 -0 .12 1 028 .57
B C P 00091 C ascadilla  Gage 1 0 /5 /2 00 2  1100 -0 .2 5 1028 .45
B C P 00092 O uzel G age 4 /2 3 /2 0 0 2  1445 0 .62 9 98  97
B C P 00092 O u zel G age 5 /1 /2 0 0 2  1710 0  53 9 98  88
B C P 00092 O uzel G age 5 /9 /2 0 0 2  1950 0 .50 9 9 8 .8 5
8 C P 0 0 0 9 2 O uzel G age 5 /2 0 /2 0 0 2  1710 1.95 1 0 0 0 .3 0
B C P 00092 O u ze i G age 5 /2 2 /2 0 0 2  725 1 83 i  0 00 .18
B C P 00092 O uzel G age 5 /2 9 /2 00 2  1625 1.86 1000.21
B C P 00092 O uzel G age 7 /6 /2 0 0 2  715 0 .85 9 99 .20
B C P 00092 O uzel G age 7 /7 /2 0 0 2  1240 0 .89 999  24
B C P 00092 O uzel G age 7 /1 9 /2 0 0 2  9 1 5 " 0 .56 998.91
BCPOOC92 O uzel G age 7 /1 9 /2 0 0 2  1700 0 .54 998 .89
BCP00C92 O uzel G age 7 /2 0 /2 0 0 2  810 0 .53 998 .88
B C P 00092 O uzel G age 8 /3 /2 0 0 2  745 0 .14 998  49
B C P 00092 O uzel G age B /3d /2002 1110 0 .00 998 .35
B C P 00092 O uzel G age 10 /5 /2 00 2  943 -0 .43 997  92
B C P 00093 W ally  C reek 9 /2 8 /2 0 0 2  1700 NA NA
B C P 00093 W ally  C reek 1 0 /6 /2 00 2  912 0 .0 5  NA
Cond D O V o l D O S at
10.7 7 .7
9 4 7 .8  235 3.2 27
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Appendix K. Ground water and surface water data: comments
W ell N am e  D ate  C om m ents
Nyack 1 10/29/2001  well installed
Nyack 1 4 /9 /2 0 02  could not locate under -  70cm  snow pack
Nyack 1 5 /2 0 /2 00 2  river flooding
Nyack 1 5 /2 9 /2 0 0 2  4cm  standing w ater about 0 .3m  from  well
Nyack 1 6 /2 8 /2 0 0 2  mud in bottom of well
Nyack 1 6 /2 9 /2 0 0 2  pre-pum ping D T W  = 1,162
Nyack 1 8 /5 /2 0 0 2  tem p and cond at 3m
Nyack 2 10/29/2001  well installed; w ater recovering at tim e of m easurem ent
Nyack 2 5 /1 /2 0 02  well broken'off
Nyack 2 7 /2 0 /2 0 0 2  well located after - 2 0  cm of sed im ent eroded; unusable
Nyack 3 10 /29/2001 well installed; i .3m  is depth to which the aquifer filled in after rem oval o f ou ter casing
Nyack 3 5 /2 0 /2 0 0 2  D T W  0 ,98  prior to pumping
Nyack 3 5 /2 9 /2 00 2  w ater level m arked on 2 trees
Nyack 3 6 /1 3 /2 0 0 2  pre-pum p = 0 .671; pumping is sustainable
Nyack 3 8 /5 /2 0 02  tem p and cond at 3m
Nyack 4 10 /29/2001 well installed
Nyack 4 6 /1 3 /2 0 0 2  well pum ped til dry (within 1 m inute); low flow rate
Nyack 4 6 /2 9 /2 0 0 2  slug test com pleted
Nyack 4 8 /5 /2 0 0 2  tem p and cond at 3m
Nyack 4 1 0 /5 /2 00 2  slug tests
Nyack 5 10 /29/2001  well installed
Nyack 5 6 /2 9 /2 0 0 2  pre-developm ent D T W  = 0 .536
Nyack 5 8 /5 /2 0 0 2  tem p and cond at bottom; B eaver Crk: 10.4C  and 117 .7uS /cm
Nyack 6 11 /20/2001  well installed; easy drilling through sand and gravel
Nyack 6 5 /2 0 /2 0 0 2  river flooding; well underwater
Nyack 6 5 /2 9 /2 00 2  river flooding; well underwater
Nyack 6 6 /2 8 /2 0 0 2  river flooding; well underw ater
Nyack 6 7 /6 /2 0 0 2  well clogged and needs developm ent
Nyack 6 7 /2 2 /2 0 0 2  pre -developm ent D T W  = 0 .9 4 9m  relatively low K
Nyack 7 11 /20/2001 well installed; w ater recovering when D T W  recorded
Nyack 7 5 /2 0 /2 00 2  river flooding; well underw ater
Nyack 7 5 /2 9 /2 00 2  river flooding; well underwater
Nyack 7 6 /2 8 /2 0 0 2  river flooding; well underw ater
Nyack 7 7 /6 /2 0 0 2  river is 7cm  above top of casing; rem oved cap and re leased  trapped air
Nyack 7 7 /2 0 /2 0 0 2  1cm of surface w ater a t well, depth to w ater is significantly below surface w ater
Nyack 7 7 /2 2 /2 0 0 2  pre-developm ent D T W  = 0 .757m ; up to 3m m  stones - screen broke; relatively high K
Nyack 8 11 /20/2001  well installed; w ater recovering when D T W  recorded; first six feet easy drilling
Nyack 8 5 /2 0 /2 00 2  river flooding; well underwater
Nyack 8 5 /2 9 /2 00 2  river flooding; well underwater
Nyack 8 6 /2 8 /2 0 0 2  river flooding; well underw ater
Nyack 8 7 /2 0 /2 0 0 2  well could not be located due to channel migration, erosion, and wood jam s
Nyack 9 11/20/2001  well installed, large cobble or boulder prevented further drilling; first six feet easy; w ell dry
Nyack 9 5 /2 0 /2 00 2  river flooding
Nyack 9 7 /6 /2 0 0 2  orange w ater w hen pumping
Nyack 10 11/20/2001 well installed
Nyack 10 4 /9 /2 0 0 2  could not locate under -  70cm  snow pack
Nyack 10 5 /2 0 /2 00 2  river flooding; well underwater
Nyack 10 5 /2 9 /2 00 2  river flooding; well underw ater
Nyack 10 6 /2 8 /2 0 0 2  river flooding; well underw ater
Nyack 10 7 /6 /2 0 0 2  well is bent, not developable
Nyack 11 7 /3 0 /2 0 0 2  well installed, drilling difficulty increased at 2 .3m  and aga in  at 3 5m; B eaver Crk 10 .6C
Nyack 11 8 /3 /2 0 0 2  tem p at bottom of well; well pum ped at 7 lL /m in  for 15 m inutes
Nyack 11 8 /5 /2 0 0 2  tem p and cond at bottom of well
Nyack 12 6 /2 9 /2 0 0 2  well installed; drilling easy until last 1 m; slug test perform ed; perm eability is low
Nyack 12 8 /3 /2 0 0 2  tem p and cond at bottom
Nyack 12 1 0 /5 /2 00 2  slug tests
Nyack 13 6 /2 9 /2 0 0 2  pre-developm ent D T W  = 0 .827
Nyack 13 8 /3 /2 0 02  tem p and conductivity at 2 .3m
Nyack Î 3  10 /5 /2 00 2  Slug tests
Nyack 14 5 /2 1 /2 00 2  well installed; pre-developm ent D T W  = 1.38
Nyack 14 6 /2 9 /2 0 0 2  predevelopm ent D T W  = 1 481
Nyack 14 7 /6 /2 0 0 2  up to 4m m  rocks - screen broken
Nyack 14 10 /5 /2 00 2  slug test
Nyack 15 5 /2 1 /2 00 2  well com pleted but bent^
Nyack 15 6 /2 8 /2 0 0 2  rriud at bottom of wejî _  _ __
Nyack 15 6 /2 9 /2 0 0 2  up to 5m m  slate pum ped out; screen is broken
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W e N N a rrie  D ate  C om m ents
Nyack 16 6 /1 3 /2 0 0 2  last Ï  m eter difficult to drill com pared to first part
Nyack 16 6 /2 7 /2 0 0 2  pre-developm ent D T W  = 1 3 5 6
Nyack 17 6 /1 3 /2 0 0 2  well installedriast 1 meter difficult to drill compared with first part
Nyack 17 6 /2 7 /2 0 0 2  pre-development water level was 1.005
Nyack 17 1 0 /6 /2 00 2  drawn down 5cm with diaphragm pump
Nyack 18 5 /2 0 /2 00 2  well installed on dry land; flood v ^ te r  6" deep  5 hours after well drilled
Nyack 18 6 /2 8 /2 0 0 2  well is in 13cm standing w ater ( Ï Ï  . 5cm  below  top o f casing); m uddy bottom
yack 18 6 /2 9 /2 0 0 2  depth to watered.6 68  prior to w e ll developrnent
Nyack 18 7 /6 /2 0 0 2  slow rei^arge after pumping____
Nyack 18 16 /5 /2 0 0 2  w ater le v e î drawn down -1  m^with hand pum p
Nyack 19 6 /1 3 /2 0 0 2  well completed and pumped, pre-pump D T W  = 1 808
Nyack 19 6 /2 7 /2 0 0 2  well surged and pumped, pre-pump D T W  = 1.582
Nyack 19 1 0 /5 /2 00 2  drawn down 2cm with d iaphragm  pum p
Nyack 20 5 /2 0 /2 0 0 2  well installed; w ater level m easured after partial developm ent
Nyack 20 6 /1 2 /2 0 0 2  developed fully with surging ana pumping (still slightly sandy w ater)
Nyack 20 7 /6 /2 0 0 2  orange w ater first five pumps
Nyack 21 6 /1 2 /2 0 0 2  well installed
Nyack 22 6 /1 3 /2 0 0 2  well com pleted
Nyack 22 6 /2 7 /2 0 0 2  pre-developm ent D T W  = 0 730 . 3 -4m m  rocks (screen broken)
Nyack 23 5 /2 1 /2 0 0 2  w ell installed
Nyack 23 6 /1 2 /2 0 0 2  pre-developm ent D T W  = 0 .8 2 5
Nyack 23 6 /2 8 /2 0 0 2  mud on bottom of well
Nyack 24 5 /2 1 /2 0 0 2  w ell com pleted; p re -d e ve lo p m e n t D T W  = 0 725
Nyack 24 6 /1 3 /2 0 0 2  pre-pum p D T W  = 0 .978
Nyack 25 7 /3 0 /2 0 0 2  w ell installed; drilling difficulty increased at 3 .7m  and again at 4 .0m
Nyack 25 8 /3 /2 0 0 2  T e m p  and cond at bottom of well
Nyack 25 8 /5 /2 0 0 2  tem p and cond at bottom of well
Nyack 26 6 /1 3 /2 0 0 2  well installed; no significant resistance encountered
Nyack 26 6 /2 7 /2 0 0 2  pre-developm ent D T W  = 6 .8 9 0
Nyack 27 9 /1 0 /2 0 0 2  well installed; bentonite cap
Nyack 28 9 /9 /2 0 0 2  w ell installed; bentonite cap
Nyack 28 9 /1 0 /2 0 0 2  surged and pum ped til c lear
Nyack 28 1 6 /6 /2 00 2  no drawdown with diaphragm  pum p
Dalim ata field 6 /1 3 /2 0 0 2  W L  is the sam e after pumping; well could be pum ped indefinitely
Dalim ata field 8 /3 /2 0 0 2  pre-developm ent D T W  = 1.469; tem p and conductivity at boMorn o f well
Dalim ata field 8 /5 /2 0 0 2  tem p  and cond at bottom of w ell
Tinhorn 7 /6 /2 6 0 2  invertebrate casings
tin horn  8 /3 /2 0 02  tem p and conductivity at bottom of well; pre-developm ent D T W  -  1 ,872
Tinhorn 8 /5 /2 0 0 2  tem p and cond at bottom of well
Sargent South 6 /2 8 /2 0 0 2  recovered approxim ately l 6  live stoneflies
Sargent South 8 /3 /2 0 02  D T W  is the sam e after developm ent
Sargent South 8 /5 /2 0 0 2  D T W  is the sam e alter developm ent; tem p and cond at 3m
Sargent North 6 /2 8 /2 0 0 2  stonefly casing recovered
Sargent North 8 /3 /2 0 0 2  tem p and conductivity at 3 .5m
RR 5 /2 9 /2 0 0 2  well is in 4cm  standing w ater
RR 8 /5 /2 0 0 2  tem p and cond at bottom
Fence 5 /2 9 /2 0 0 2  approx. 6cm  standing w ater around well bore
Fence 8 /3 /2 6 0 2  pre:developm ent p T W  = 1 972
Fence 8 /5 /2 0 0 2  tem p and cond at bottom
d o t  35 8/ 5/2062 tem p and cond at 8m
D O T  35 1 0 /1 1 /20 0 2  w ater quality sam ples after purging pressure tank
Hill 6 /2 8 /2 0 0 2  w ater level m easured with steel tape
Hill 7 /6 /2 0 0 2  w ater level m easured with steel tape
Hill 7 /2 0 /2 0 0 2  pum p on prior to m easurem ent; w ater level m easured with steel tape
Hill 8/ 5/2062 tem p and cond at 5m; w ater levei m easured with steel tape
Hill 8/29/2062 w ater level m easured wjith steel tape
Hill 16/ 5/2062 w ater leve l m easured with steel tape
W h ee le r 6/29/2662 w ater level m easured with steel tape
W h ee le r 7 /6 /2 0 0 2  w ater level m easured with steel ta p e _____
Wheeleir^ Î 6 /1 2^2662 w ater guality sam p les taken after puniping jO m i n J S U m m
G W R  LG 5/20/2662 w ater level m easured with ^
G W R  LG 5 /2 9 /2 0 0 2  w ater te ve | m easured with steel tape
G W R  LG 6 /1 3 /2 0 0 2  w ater level m easured witfi s teel tape
G W R  LG 6 /2 8 /2 0 0 2  w ater level m e a s u r^  with steel tape
G W R  LG 7 /6 /2 0 0 2  w ater level m easured with steel tape
G W R  LG 8 /5 /2 0 0 2  ran hose for 10 minutes before sampling; pum p turned on twice
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W ell N am e D ate  C om m ents
G W R  LG ' " 8 /2 9 /2 0 0 2  B ear Cre<^']s d̂ ^̂  ̂   _ ' '
G W R  LG 10/5/2662 w ater level m easured with steel tape
G W R  LG 16/ Î  3/2662 w ater q u a li^  sam ples after pumping at 375L /m in  for 16 min
G W R  S M  5/26/2602 w ater level m easured with steel tape
G W R  S M  5 /2 9 /2 0 0 2  w ater level m easured with steel tape
G W R  S M  6 /1 3 /2 0 0 2  w ater level m easured with steel tape
G W R  S M  6 /2 8 /2 0 0 2  water level m easured with steel tape
G W R  S M  7 /6 /2 0 0 2  w ater level rneasured with steel tape
G W R  S M  0/ 5/2662 tem p and cond at ball valve w /o  pumping; steel tape
G W R  S M  16/ 5/2002 w ater level m easured with steel tape
W a lly  À  8/ 20/2002 well installed; bentonite cap
W ally  A  8 /2 2 /2 0 0 2  Pum ped 5 min; rapid recovery
W ally  8  8 /20/2002 well installed
W ally  B 8 /2 2 /2 0 0 2  pum ped 5 min; rapid recovery; finished with gravel and bentonite cap
W ally  C  8/20/2002 well installed
W ally  C  8 /2 2 /2 0 0 2  Pum ped 5 min; Rapid recovery; finished with gravel and bentonite cap
W ally  D  8 /2 1 /2 0 0 2  well installed; bentonite cap
W ally  D  8 /2 2 /2 0 0 2  sam pled without pumping
W ally D 8 /2 5 /2 0 0 2  pum ped 5 minutes; drawdown 1cm; m inim al change in field param eters
W ally E 8 /2 1 /2 0 0 2  Installed; bentonite plug; w ell sanded back to 1m  from top; sam pled after pumping
W ally  E 8/22/2002 sam pled without pumping
W ally  E 8 /2 2 /2 0 0 2  P um ped 30 sec, rem oved sand plug; S am pled after pumping;
W ally  E 8 /2 5 /2 0 0 2  pum ped 5 min; drawdown 1cm; m inimal change in temp, cond but D O  dropped 5 0%
W ally  E  8 /2 5 /2 0 0 2  P um ped 5 minutes; draw dow n 1cm , m in im al change  in D O . Tem p, S pC ;
W ally  F 8 /2 1 /2 0 0 2  Installed; finished with bentonite plug
W aliy  F 8 /2 2 /2 0 0 2  S am pled without pumping
W ally  F 8 /2 5 /2 0 0 2  Pum ped 5 minutes; drawdown ïc m , m inim al change in Tem p, S pC , but D O  dropped 50%
W ally  F 9 /2 1 /2 0 0 2  field param eters at 50cm  below w ater table
W ally  F 9 /2 8 /2 0 0 2  D issolved oxygen m easured at 1.5m
W ally  G  8 /2 1 /2 0 0 2  Installed; collapsed back to 6 .6m from top; finished with gravel and bentonite plug;
W ally  G  8/22/2002 sam pled without pumping
W ally  G  8 /2 5 /2 0 0 2  pum ped 5 min; drawdown 1 cm; m inimal change in field param eters
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Test No. Multiple
Method Aquifer i























































Date of test j Method K (m/day)
10/5/2002 Bouwer-Rice 0.3






















































Appendix L. Slug test results
Well ID Test No. Date of test Method K (m/day)
Wally B 3 9/27/2002 Hvorslev 149
Wally C 1 9/27/2002 Bouwer-Rice 28
Wally C 1 9/27/2002 Hvorslev 49
Wally C 2 9/27/2002 Bouwer-Rice 27
Wally C 2 9/27/2002 Hvorslev 42
Wally C 3 9/27/2002 ; Bouwer-Rice 26
Wally C 3 9/27/2002 Hvorslev 46
Wally D 1 9/27/2002 Bouwer-Rice 52
Wally D 1 9/27/2002 Hvorslev 85
Wally D 2 9/27/2002 Bouwer-Rice 45
Wally D 2 9/27/2002 Hvorslev 74
Wally D 3 9/27/2002 Bouwer-Rice 43
Wally D 3 9/27/2002 Hvorslev 71
Wally E 1 9/27/2602 Bouwer-Rice 44
Wally E 1 9/27/2002 Hvorslev 68
Wally E 2 9/27/2002 Bouwer-Rice 53
Wally E 2 9/27/2002 Hvorslev 84
Wally E 3 9/27/2002 Bouwer-Rice 49
Wally E 3 9/27/2002 Hvorslev 75
Wally F 1 9/27/2002 Bouwer-Rice 60
Wally F 1 9/27/2002 Hvorslev 198
Wally F 2 9/27/2002 Bouwer-Rice 131
Wally F 2 9/27/2002 Hvorslev 217
Wally F 3 9/27/2002 Bouwer-Rice 120
Wally F 3 9/27/2002 Hvorslev 170
Wally G 1 9/27/2002 Bouwer-Rice 89
Wally G 1 9/27/2002 Hvorslev 146
Wally G 2 9/27/2002 Bouwer-Rice 62
Wally G 2 9/27/2002 Hvorslev 103
Wally G 3 9/27/2002 Bouwer-Rice >9
Wally G 3 9/27/2002 Hvorslev 130
Control A 1 9/27/2002 Bouwer-Rice 86
Control A 1 9/27/2062 Hvorslev 149
Control B 1 9/27/2002 Bouwer-Rice 86
Control B 1 9/27/2002 Hvorslev 148
Control B 2 9/27/2602 Bouwer-Rice 34
Control B 2 9/27/2002 Hvorslev 58
Control B 3 9/27/2002 Bouwer-Rice 72
Control B 3 9/27/2002 Hvorslev 123
Control C 1 9/27/2002 Bouwer-Rice 15
Control C 1 9/27/2002 Hvorslev 26
Control C 2 9/27/2002 Bouwer-Rice 51
Control C 2 9/27/2002 Hvorslev 86
Control D 1 9/ 27/2062 Bouwer-Rice 91
Control D 1 9/27/2002 Hvorslev 152
Control D 2 9/27/2002 Bouwer-Rice 148
Control D 2 9/27/2002 Hvorslev .....248
Control D 3 9/27/2002 Bouwer-Rice 54
Control D 3 9/27/2002 Hvorslev 92
Control E 1 9/27/2002 Bouwer-Rice 19
Control E 1 9/27/2002 Hvorslev 37
Control E 2 9/27/2602 'Bouwer-Rice 26
Control E 2 ........ 9/27/2002 Hvorslev 50
Control E 3 9/27/2062 Bouwer-Rice 21
Control E 3 9/27/2002 Hvorslev 41
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Appendix M. Water quality results from Flattiead Lake Biological Station
S ite  N am e S arnp ie F la td a t
N u m b e r N u m b e r D ate D e p th  : m g /L m g /L  :
(m )
:Nyack 01 B C P 00014  i TM P 0 2 0 16 10 /11 /2002 8 .3 6 3 3 .2  : 0 .4
B C P d d d ie  : TM P 02031
;Nyack 04 B C P 0 0 0 17  : tM P d 2 0 3 2 10 /12 /2002 2 .8 3 31.5 0-4
; Nyack OS B C P d d d is  : T M P 0 2 0 33 10 /12 /2002 4 .5 9 2 9 .3 0 .3
: Nyack 06 B C P 00019  : T M P d id id 10 /1 1 /2002 3 .5 4 3 6 .8 0 .3
.N yack 07 BCPddÔ2d ; T M P 0 2 0 18 1 0 /1 1 /2002 3 .0 6 2 9 .9 0.3
:Nyack 09 ! B C P 00022  i T M P d 2 d i7  : 1 0 /1 1 /2002 2 .8 0 3 2 .0 0 .3
; Nyack id B C P d d023  ; T M P 0 2 0 19 1 0 /1 1 /2002 4 .3 6 3 1 .5  : 0 .2
: Nyack 11 : B C P 0 0 0 24  : TM P d 2d 37 1 0 /1 2 /2002 5 .8 7 35.2 0 .4
:Nyack 12 BCPdddis : T M P 0 2 0 7 3  ; 1 0 /12 /2002 3.61 54.1 0.2
:N y a c k 12 D B C P 0 0 0 25  : T M P 0 2 0 74 1 0 /12 /2002 3.61 54.7 0.2
: Nyack 13 8 C P 0 0 0 2 6  ; T M P 0 2 0 72 1 0 /12 /2002 3 .58 35.7 0.4
:N y a c k 14 B C P 0 0 0 27  ; T M P 0 2 0 26 10/11/2002 3 .24 40.1 0.4
:N y a c k 16 B C P 0 0 0 29 T M P 0 2 0 6 7 9 /2 9 /2 00 2 3 .24 35.9 0 .4
: Nyack 16 D B C P 0 0 0 29  : T M P 0 2 0 6 8 9 /2 9 /2 00 2 3 .24 3 5 .0 0 .4
:Nyack 17 B CPddddd ; T M P 0 2 0 28 1 0 /12 /2002 3 .33 2 9 .9 0 .3
Nyack 18 B CPC0031 T M P 0 2 0 22 10 /11 /2002 3 .55 34.6 <0.1
;N y a c k 19 B C P ddd32 : T M P 02021 1 0 /1 1 /2002 3 .60 3 6 .3 0 .3
:Nyack 20 B C P 0 0 0 33  : T M P 0 2 0 3 6 10 /12 /2002 3.11 49.5 0 .4
;Nyack 20 D B C P d 0d 33  : TM P 02041 10/12/2002 3.11 50.1 0 .4
: Nyack 20 B B C P 0 0 0 33  ; T M P 0 2 0 42 1 0 /12 /2002 3.11 0 .9 <0.1
N y a c k 21 B C P d dd34  ; T M P 0203S 1 0/12 /2002 3 .4 0 2 9 .3 0 .3
Nyack 22 B C P 0 0 0 3 5  1 T M P 0 2 0 2 9 10 /12 /2002 2 .9 5 3 5 .7 0 .4
;Nyack 23 B C P 0 0 0 3 6  ; TM P 02071 1 0 /12 /2002 3 .2 7 2 7 .8 0.3
N y a c k 24 B C P 0 0 0 3 7  ; T M P 0 2 0 13 10 /11 /2002 3 .0 7 37.4 0.7
iNyack 25 B C P 0 0 0 38 T M P 0 2 0 34 10 /12 /2002 5 .1 8 30.9 0.3
:Nyack 26 B C P 0 0 0 39  : T M P 0 2 0 30 10 /12 /2002 3 .52 3 0 .4 0 .3
:Nyack 27 B C P ddd79 : T M P 0 2 0 40 9 /2 8 /2 00 2 3 .4 0 4 0 .7 0 .4
;Nyack 28 B C P 0 0 0 8 0  : T M P 0 2 0 3 9 9 /2 8 /2 00 2 3 .0 5 40.7 0.3
ib alam ata  field well B C P ddd4d i T M P 0 2 0 3 8  ; 10 /12 /2002 4 .4 0 4 0 .6 0 .6
iD a lam ata  field w ell D B C P 0 0 0 40  : T M P 0 2 0 43 10 /12 /2002 4 .4 0 41.2 0 .6
T inho rn  W e il B C P d d d 4 i T M P 0 2 0 2 7  ; 10 /11 /2002 5 .6 7 4 5 .6  ; 0 .4
: Sargent South W e ll : B C P 0 0 0 42  : TM P 0202S 10/11 /2002 2 .9 9 4 3 .9 0 .3
Sargent North W e ll B C P 0 0 0 43  : T M P 0 2 0 24 10 /11 /2002 7 .1 7 4 2 .8 0.3
iRR W ell B C P 0 0 0 44  : T M P 0 2 0 14 10 /11 /2002 7.42 3 7.4 0.5
; Fence W e ll B C P 0 0 0 45  : T M P 0 2 0 15 10 /11 /2002 7 .53  i 42 .5 0 .4
;D 0 T  35 W e ll B C P 0 0 0 46  : T M P 0 2 0 23 10/11/2002 11.06  ; 32 .5 0.2
i W h ee le r well B C P d d049 T M P 0 2 0 75 10/12/2002 12.20  ; 3 9 .0 1.3
G W R  LG B C P 0 0 0 5 0  ; T M P 0 2 0 76 10/13/2002 4 9 .0 0  ; 27 .3 0 .3
: W ally  A B C P 0 0 0 52 T M P 0 2 0 45 9 /2 8 /2 00 2 2 .4 7 32  6 0 .3
iW ally  A2 B C P 0 0 0 70  : T M P 0 2 0 46 9 /2 8 /2 00 2 7 .36 32.6 0 .4
; W aliy  À2 Up B C P 0 0 0 70  : T M P 0 2 0 47 9 /2 8 /2 00 2 5 ,23 31.7 0.4
i W ally  B B C P 0 0 0 53 T M P 0 2 0 48 9 /2 8 /2 00 2 2 .64 32.3 0.4
: W ally  C B C P 0 0 0 5 4  : T M P 0 2 0 49 9 /28 /2002 2.61 33.2 0.3
W ally  C2 B C P 00071 TM P 02051 9 /28 /2002 5 .97 34.4 0.8
; W ally  C2 Up B C P 00071 T M P 0 2 0 50 9 /28 /2002 3 .84 33.5 0 .4
W a lly  D BCPOOOSS i T M P 020S 2 : 9 /2 8 /2 00 2 3 .8 3 5 5 .3 0.5
; W aliy  0 2 B C P 0 0 0 72  : T M P 0 2 0 53 9 /2 8 /2 00 2 5 .6 3  : 37.1 0 .7
W ally  0 2  Up B C P 0 0 0 72  ; T M P 0 2 0 5 4 9 /2 8 /2 00 2 3 .5 0 37.1 0 .4
W ally  E BCPOOOSS ! T M P 0 2 0 5 5 9 /2 8 /2 00 2 2 .42 4 0 .7 0 .4
W ally  EO B C P 0 0 0 5 6  : TM P 020S 7 9 /2 8 /2 00 2 2 .42 4 9 .0 0 .4
W ally  F B C P 0 0 0 5 7  ; TM P 020S 8 9 /2 8 /2 00 2 2.41 4 9.0 0 .5
W ally  G : BCPOOOSS : T M P 0 2 0 5 9 9 /2 8 /2 00 2 2 .3 2 4 6.8 0 .4
W a lly  G 2 ! B C P d dd73  : TM P 02061 9 /2 8 /2 00 2 5.4Ô 39.2 0 .6
■Control A B C P 0 0 0 74  : T M P 0 2 0 64 9 /2 9 /2 00 2 3 .0 3 3 3.5 0 .4
Control B B C P 0 0 0 7 5  ; T M P 0 2 0 65  ; 9 /2 9 /2 00 2 3.d3 3 3.2 0 .4
: Control C B C P 0 0 0 76  : T M P 0 2 0 66 9 /29 /2002 3 .88 3 5 .0 0 .4
: Control 0 ; BCPddotf ; T M P 0 2 0 69 9 /2 9 /2 00 2 3 .74 3 9 .8 0 .4
; Control É ; B C P 0 0 0 7 8  : T M P 0 2 0 70 9 /29 /2002 2.51 24.7 0 .7
; W ally  C reek B C P ddd93 ; T M P 0 2 0 62  : 9 /2 8 /2 00 2 NA 4 2 .5 0 .4
rW aiiy  C reek  B B C P 0Q 093 ; T M P 0 2 0 60 9 /28 /2002 NA 0 .5 <0.1
B eaver C reek B C P ddd94 ; T M P 02d 63  i 9 /2 8 /2 00 2 NA 3 2.0 0.4
Middle Fork BCPOOOSS T M P 0 2 0 44 9 /2 8 /2 00 2 NA 3 2.0 0 .3
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Appendix M. Water quality results from Flathead Lake Biological Station
i S ite  N a m e  wg Na   S04..... i HC03 'i Ci......  Si02 ; N02/3 SP
: mg/L mg/L mg/L pg/L pg/L
8 .0 1.1 8 .3
; Nyack 03 8 .0 1.0 6 .5 82 0.1 5.1 62 4
; Nyack 04 8.3 1.1 7.0 115 0.1 5 .9 55 3
:Nyack 05 8.4 i.o 7.0 : 105 0.1 6.1 55 3
Nyack 06 7.7 1 115 0.3 4.2 4 3
1 Nyack 07 8 .0 1.1 8.3 110 0.1 4 .5 24 2
: Nyack 0 9 4 .7
; Nyack io
; Nyack 11 10.2 1.1 6.2 1 127 0.2 6 .0 170 6
; Nyack 12 13.8 1.2 5.2 i 2 1 6  : 0.3 7.2 9 4
:N y a c k 12 D 14.1 1.2 5.1 I 2 05 0.3 7.2 10 3
; N y a c k 13 9 .0 1.0 5.8 : 131 0.3 5 .7 67 4
: N y a c k 14 11.3 1.2 3.5 1 148 1.8 6 .7 4 06 4
:N y a c k 16 7.7 1.0 6.0 123 0.2 5.3 30 3
: Nyack 16D 7.9 1.0 6.4 1 123 0.2 5 .4 3 0 3
8.5 0 .9 6.2 9 6 0.1 5 .9 66 4
: Nyack 18 10.5  : 1 .0 3 .0 I 151 0.7 8 .4 < 0 .6 20
; Nyack 19 10.5 1.0 5.8 : 142 . 0.2 6.4 2 70 4
:Nyack 20 13.3 1.2 5.4 1 189 0.8 6 .7 193 3
; Nyack 2ÔP 13.4 1.2 5 .6 I 185 0.8 6 .7 198 2
Nyack 2 0 8 <0.1 <0.1 0 .0 0 0.2 <0.2 5 <0.4
; Nyack 21 8.5 1.0 5.1 i 103 0.1 5 .3 73 2
: Nyack 22 9 .4 0 .9 5.6 123 0.1 5 .6 75 2
: Nyack 23 8.3 1.0 5.5 104 0.2 5 .7 64 5
:N y a c k 24 8.1 1.4 5.2 133 0.4 4.1 66 3
: Nyack 25 8.9 1.0 5.6 116 0.2 5.8 56 5
1Nyack 26 7.6 0 .9 6.7 112 0.1 5.6 79 3
Nyack 27 8.7 1.0 4.8 148 0.1 5.2 12 3
: Nyack 28 8.9 1.0 5.1 182 0.4 5.3 23 5
iD a iam ata  fieid well 10.1 1 .0 4.4 148 0.3 5.8 72 5
iD a lam ata  field w ell D 9.4 1.0 4 .5 142 0.3 5 .8 72 5
ifin h o rn  W e ll 11.6 1 .3 3.9 170 2.0 6 .0 472 7
: Sargent South W e ll 10.6 1 .0 5.0 148 0.2 6 .4 61 3
iSargent North W e ll 10.2 1.0 5.2 146 0.1 6.2 53 4
:R R  W e ll 8 .6 1 .0 6.1 133 0.1 6 .5 93 4
: Fence W e ll 7 .5 1 .0 6.9 131 0.3 5 .8 7 8
:D 0 T  35  W e ll 10.0 0 .9 3 .5 1 153 0.1 5 .0 4 0 7 4
; W h ee le r well 11.8 1 .3 4.0 156 1.5 7.6 3 85 9
G W R  LG 12.5 1.4 8.0 126 0.2 7.7 97 5
; W aliy  A 8.3 1 0 6.5 90 0.1 5 .0 54 3
:W ally  A2 8.0 1.1 5.8 109 0.2 4 .9 63 10
W ally  A2 Up 8.2 0 .9 9.1 1 101 0.2 4 .3 63 9
W ally  8 7.7 1.0 6.2 103 0.2 5 .0 51 3
W ally  C 8,0 0 .9 6.1 I 107 0.1 4 .9 30 4
IW ally  C2 8.2 1.0 5.2 1 117 : 0 .6 5 .0 63 18
;W a lly C 2 U p 7.7 0 .9 6.3 121 0.1 4 .3 29 4
IW ally  D 10.5 0 .9 1.1 187 0.4 6 .9 <0 .6 4
iW aily  0 2 8.5 1.0 4.7 ; 112 1 0.4 4 .5 57 11
IW ally  0 2  Up 8.4 1.0 4.8 1 127 : 0.1 5 .4 59 4
iW ally  Ë 8.6 0 .9 4.7 i 117 0.1 4.5 53 5
IW ally  EO 8.8 0 .9 4.8 113 0.1 5.6 53 4
W ally  F 9.6 1.0 4.8 ; 170 0.2 4.9 16 10
IW ally  G 9.3 0 .9 4.5 162 0.3 5 .8 19 3
iW ally  G 2 8.9 1.1 5.1 135 0.3 4.1 70 19
1 Control A 7.9 1.0 5.9 103 0.1 5.2 94 3
: Control 8 7 .9 1.0 6.1 ; 115 0.8 4 .7 87 6
1 Control C 7.2 0 .9 5.8 134 0.2 4 .6 73 8
Control 0 8 .7 1.0 5.5 131 0.2 5.2 28 9
1 Control E 5.5 1.1 3.9 1 218 0.4 5.6 20 10
W a lly  C reek 9.4 1.0 4.7 135 0.1 5 .8 52 4
IW aily  C reek  8 <0.1 <0.1 0.0 0 0.0 <0.2 2 <0.4
B eaver C reek 1.0 5.6 ; 103 0.1 5 .6 51 3
1 M iddle Fork 8.2 1,0 6.2 1 109 0.1 4 .9 52 3
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Appendix M. Water quality results from Flathead Lake Biological Station
S ite  N a m e S R P S o lu b le  tdtial N A lk a lin ity  ^
u g /L ^ g /L m g /L
N yack 01 1 79
:N yack 03 2 67
: Nyack 04 1 94
; Nyack 05 2 86
:Nyack 06 1 94
:% a c k  07 1 90
N yack 09 5 80
: N y a c k 10 1 93
:Nyack 11 2 104
;Nyack 12 2 177
: Nyack 12 D 2 168
N y a c k 13 2 107
:Nyack 14 1 121
: N yack 16 1 101
; Nyack 1 6 0 1 101
i Nyack 17 2 79
; Nyack 18 2 124
Nyack 19 3 116
: Nyack 20 1 155
: Nyack 2 0 0 1 152
: Nyack 2 0 6 1 1
:Nyack 21 2 84
N y a c k 22 1 101
; Nyack 23 2 85
:Nyack 24 1 109
;Nyack 25 2 95
:Nyack 26 2 92
;Nyack 27 1 121
;Nyack 28 1 149
iO alam ata field well 4 121
■Dalam ala field well 0 4 T ie
tin h o rn  W e ll 2 139
Sargent South W e ll 1 121
iSargent North W e ll 1 120
;r r  W e ll 1 109
: Fence W e ll 5 107
;O O T  35 W ell 3 125
iW h e e le r  well 6 128
G W R  LG 2 103
iW ally  À 1 74
IW ally  A2 2 89
W ally  Â2 Up 3 83
■Wally B 1 84
iW ally  C 1 88
IW ally  C2 1 96
iW ally  C 2 Up 2 99
IW ally  0 1 153
W a lly  0 2 1 92
IW ally  0 2  Up 1 104
iW ally  E 1 96
IW ally  EO 1 93
W ally  F 1 139
IW ally  G 1 133
IW a lly  G 2 1 111
•Control A 2 84
iControt B 1 94
Control C 2 110
1 Control 0 1 107
1 C ontrol E 1 179
W a lly  C reek 1 35 111
IW a lly  C re e k  B 1 0 5
IB eaver C reek 1 48 84
I M idd le  Fork 1 63 89
j- Alkalinity w as  m easured in the field on the day of sam pling
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Appendix N. Water quality results from inductively-coupled plasma emission spectrometry
: Sam p le  N am e  
D elec t (pit iiTFnt 
:Nyack 16 






i i i i i p o ^
























0 ,0 0 3
< 0 .0 0 3
< 0 .0 0 3





! W a l iy A <0.01 < 0 .005  i 0 .1 4 <0.0001 29 <0.001 < 0 .0 0 3 <0 .005
; W a lly  À 2 <0.01 < 0 .005  : 0 .1 4 <0.0001 29 <0.001 <0 .0 0 3 <0 .005
: W a ily  Â 2 up 0.030 < 0 .005  i 0 .1 4 <0.0001 28 <0.001 < 0 .0 0 3 <0 .005
jW aliÿ  B <0.01 <0.005 0 .1 3 <0.0001 27 <0.001 < 0 .0 0 3 <0.005
■ W a iiy  C <0.01 <0.005  i 0 .1 3 <0.0001 30 <0.001 < 0 .0 0 3 <0.005
W a ily  C 2 0 .0 2 7 <0 .005 0 .1 5 <0.0001 28 <0.001 < 0 .0 0 3 <0 .005
W a iiy  C 2  up <0.01 <0 .005 0 .1 5 <0.0001 32 <0.001 < 0 .0 0 3 <0 .005
;W ally  D <0.01 <6 .005  i 0 .2 5 <0.0001 49 <0.001 < 0 .003 <0 .005
iW ally  0 2 <0.01 < 0 .005  i 0 .1 5 <0.0001 31 <0.001 < 0 .003 <0 .005
iW a ily  0 2  up <0.01 <0.005  ; 0 .1 7 <0.0001 32 <0.001 < 0 .0 0 3 <0 .005
iW a lly  E < 0.01 < 0 .005  i 0 .1 7 <0.0001 33 <0.001 < 0 .0 0 3 < 0 .005
W ally  Ë D <0.01 <0 .005 0 .1 8 <0.0001 33 <0.001 < 0 .0 0 3 <0 .005
iW ally  F 0 .029 < 0 .005  i 0.22 <0.0001 43 <0.001 < 0 .0 0 3 <0.005
iW ally  G <0.01 < 0 .0 0 5  ; 0.21 <0.0001 42 <0.001 < 0 .0 0 3 <0.005
iW ally  G 2 < 0.01 < 0 .005  i 0 .1 9 <0.0001 33 <0.001 < 0 .0 0 3 <0.005
Control A <0.01 <0 .0 0 5  : 0 .1 4 <0.0001 31 <0.001 < 0 .0 0 3 <0.005
Control B <0,01 <0 .0 0 5  i 0 .1 3 <0.0001 29 <0.001 < 0 .0 0 3 <0.005
; Control C 0.011 < 0 .005  : 0 .1 5 <0.0001 29 <0.001 < 0 .0 0 3 <0.005
Control D 0 .0 1 5 < 0 .005 0 .1 6 <0.0001 36 <0.001 < 0 .0 0 3 <0.005
i Control E 0 .14 <0 .005 0 .2 4 <0.0001 55 <0.001 < 0 .0 0 3 <0 .005
iW ally  C reek <0.01 < 0 .005  i 0.20 <0.0001 38 <0.001 < 0 .003 <0 .005
W a lly  C reek  B <0.01 < 0 .005  i < 0 .0 0 0 5 <0.0001 <0.02 <0.001 < 0 .0 0 3 <0 .005
iB eaver C reek <0.01 < 0 .005  i 0 .1 6 <0.0001 30 <0.001 < 0 .0 0 3 <0.005
M iddle Fork <0.01 < 0 .005  : 0 .1 4 <0.0001 29 <0.001 < 0 .0 0 3 <0.005
S am ple N am e Cu Fe K Li Mg M n Mo Na
O etecfk in  Lim it 0  6 03 OÛOT 0 ,5 fr,0& l5 0,1 0 .0 0 0 5 0 6 0 3 0 5
N Y A C K  16 <0.003 0.010 < 0 .5 < 0 .0015 7.3 0 .0 0 25 < 0 .0 0 3 1.1
iN Y A C K  16D <0.003 0.027 < 0 .5 < 0 .0015 7.4 0.0022 < 0 ,0 0 3 1.1
iN Y A C K 27 <0.003 0 .14 <0 .5 < 0 .0015 8.1 0 .2 8 < 0 .0 0 3 1.2
N Y A C K 28 <0.003 0 .029 <0 .5 < 0 .0015 8.5 0 .0 2 8 < 0 ,0 0 3 1.4
i W A L L Y  A <0.003 <0.001 < 0 .5 0 .0019 8.2 < 0 .0 0 05 < 0 .0 0 3 1.1
i W A L L Y  A2 <0.003 <0.001 i < 0 .5 0 .0017 7.7 0 .0 0 37 0 .0 0 32 1.1
i W A L L Y  A2 up <0.003 0 .017 < 0 .5 < 0 .0015 7.2 0 .0 0 8 6 < 0 .0 0 3 1.0
i W A L L Y  B <0.003 <0.001 <0 .5 < 0 .0015 7.8 < 0 .0 0 05 < 0 .0 0 3 1.1
: W A L L Y  C <0.003 <0.001 <0 .5 0 .0016 7.7 < 0 .0005 < 0 .0 0 3 1.0
i W A L L Y  C2 <0.003 0 .013 0.71 < 0 .0015 7.3 0 .0 2 8 < 0 .003 1.0
W A L L Y C 2 U P <0.003 <0.001 <0 .5 < 0 .0015 7.4 < 0 .0005 < 0 .003 1.1
i W A L L Y  D <0.003 0 .073 < 0 .5 < 0 .0015 10 0 .2 8 < 0 .003 1.1
iW A L L Y D 2 <0.003 <0.001 0 .6 7 < 0 .0015 7.8 0 .0 7 3 0 .0 0 3 9 1.1
iW A L L Y  D2 up <0.003 <0.001 < 0 .5 < 0 .0015 8.2 < 0 .0005 < 0 .0 0 3 1.1
W A L L Y  E <0.003 < 6.661 <0 .5 < 0 .0015 8.5 < 0 .0 0 05 < 0 .0 0 3 1.0
W A L L Y  ED <0.003 <0.001 ! < 0 .5 <0 .0015 8 .4 < 0 .0 0 05 < 0 .0 0 3 1.1
W A L L Y  F <0.003 0 .075 0 .5 3 <0 .0015 9 .4 0 .2 8 < 0 .0 0 3 1.3
iW A L LY  G <0.003 <0.001 < 0 .5 <0 .0015 9 .7 <6.6605 < 0 .0 0 3 1.1
W A L L Y G 2 0.1 9 1.2
C O N T R O L A <0.003 <0.001 i < 0 .5 0 .0017 7.8 <6.6665 < 0 .0 0 3 1.0
< 0 .0 0 05 <0 .003 1.0
iC O N T R O L C <0.003 0.012 < 0 .5 <0 .0015 6.6 6 .062 <0 .003 1.1
C O N T R O L D <0.003 0 .0082  i < 0 .5 0 .0016 8.5 0.010 <0 .003 1.0
C O N T R O L E <0.003 0.12 0 .7 4 0 .0018 13 0.11 < 0 .0 0 3 1.2
< 0 .0 0 05 < 0 .0 0 3 1.1
: W A L L Y  C R K  8 <0 .003 <0.001 < 0 .5 <0 .0015 <0.1 <6.6665 < 0 .0 0 3 <0.5
i B E A V E R  C R K <0.003 <0.001 < 0 .5 0 .0017 7.8 < 0 .0005 <0 .003 1.2
iM ID D LE  FO R K <0.003 <0.001 < 0 .5 0 .0018 8.1 < 0 .0005 < 0 .003 1.0
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Appendix N. Water quality results from inductively-coupled plasma emission spectrometry
: S am ple  N am e  : Ni P Pb 3 Si Sn Sr Ti V Zn
D eïeP ttO w tirm t û ja i 001 g Q W 0 02 0.ŒÏ3Q 0.0005 0005 . Ç.0Q5 e o o i
N y a c k 16 <0 .002 ; <0.01 <0.01 1.82 2.6 0 .0 0 3 7 0 .056 i < 0 .0 0 5 < 0 .0 0 5 0 .030
N yack 1 6 0 <0 .002 : <0.01 <0.01 1.82 2.7 < 0 .003 0.055 i < 0 .0 0 5 < 0 .0 0 5  i 0 .031
iW ally  A 2 up < 0 .002 <0.01 <0.0  i 1 .83 2.5 < 0 .0 0 3 0 .0 5 7 ; < 0 .005 < 0 .0 0 5  : <0.001
iW ally  8 <0 .002 <0.01 <0.01 1.89 2 5 < 0 .0 0 3 0 .064 < 0 .0 0 5 < 0 .0 0 5  i <0.001
iW ally  C <0 .002 <0.01 <0.01 1.95 2.5 < 0 .0 0 3 0.061 < 0 .0 0 5 <0 .0 0 5  : 0 .0 0 10
W ally  0 2 <0.002 0 .019 <0.01 i 1.48 2.6 < 0 .003 0 .058 < 0 .0 0 5 <0 .0 0 5  i 0 .0 0 49
iW ally  0 2  up < 0 .002 <0.01 <0.01 2 .0 3 2.5 < 0 .0 0 3 0 .0 5 6 < 0 .0 0 5 < 0 .0 0 5  : <0.001
W ally  D < 0.002 <0.01 <0.01 ■ 0 .45 3.7 < 0 .003 0 .084 < 0 .0 0 5 <0 .0 0 5  i <0.001
iW ally  0 2 <0.002 0 .0 1 5 <0.01 1.45 2.7 < 0 .003 0 .060 < 0 .0 0 5 < 0 .0 0 5  : 0 .0 0 30
<0.001
iW ally  E <0 .002 <0.01 < 6 o i  : 1.38 2.8 < 0 .0 0 3 0 .0 6 3 < 0 .0 0 5 < 0 .0 0 5  i
iW ally  F 0 .0 0 2 3 <0.01 < d o i 1.44 3.1 < 0 .0 0 3 0 .075 < 0 .0 0 5 < 0 .0 0 5  :
W ally  G <0 .002 <0.01 <0.01 1.42 3.0 <0 .0 0 3 0 .073 < 0 .0 0 5 < 0 .005  i <0.001
iW ally  G 2 <0 .002 0 .0 1 9 < 6 .d i 1 .55 2.8 < 0 .0 0 3 0 .063 < 0 .0 0 5 < 0 .0 0 5  i 0 .011 :
Control A <0 .002 <0.01 <0.01 i 2 .03 2.6 < 0 .003 0 .064 < 0 .0 0 5 < 0 .0 0 5  i <0.001
iControl B <0 .002 <0.01 <0.01 1.98 2.5 <0 .003 0 .063 < 0 .0 0 5 < 0 .005 0 .0 0 1 7
Control C <0 .002 0.011 <0.01 i 1 .79 i 2 .8 < 0 0 0 3 0 .053 < 0 .0 0 5 < 0 .005 0 .0 0 4 2
Control 0 <0 .002 <0.01 <0,01 ; 1 .59 3.0 < 0 .003 0 .063 < 0 .0 0 5 < 0 .0 0 5  : 0 .0021
Control Ë < 0 .002 0 .014 <0.01 i 1.12 3.5 < 0 .0 0 3 0.082 < 0 .0 0 5 < 0 .0 0 5  : 0 .0 0 48
iW aily  C reek <0 .002 <0.01 < 0 0 1 1.54 3.0 0 .0 0 53 0 .069 < 0 .0 0 5 < 0 0 0 5 0 .0 0 10
W ally  C reek  8 <0 .002 <0.01 <0.01 <0 .05 <0 .02 < 0 .003 < 0 .0005 < 0 .0 0 5 < 0 .0 0 5 <0.001
iBeaver C reek <0 .002 <0.01 <0.01 1.82 2.9 < 0 .003 0 .064 < 0 .0 0 5 <0 .0 0 5  .
M iddle Fork <0.002 <0.01 <0.01 i 2.01 2.6 < 0 .003 0 .066 < 0 .0 0 5 <0 .005 <0.001
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Appendix O. Radon calculations and results
S ite L in e a r E F D A vg R a w C orr. C o rr. C o lle c t C o lle c t C o u n t C o u n t O ffs e t
ID D ist. C P M c o n c . conc. co n c . D a te T im e D ate T im e (h o u rs )
(m ) (m ) (p C i/L ) J p C i/L ) (B q /L ) (2 00 2 ) (2 00 2 )
Control A 4 4 7 .07 260 317 12 10/13 9:25 10/14 11 30 2 6 .0 8
Control B 30 36,82 138 170 6 10/13 9:15 10/14 13:30 28.25
Control C 87 51.59 : 314 393 15 10/13 9:05 10/14 14:30 2 9 .42
Control D 200 . 6 V 0 2  ' 4 27 540 20 10/13 8:35 10/14 15:30 30.92
Control E 247 65.85 ' 485 616 23 10/13 8:50 10/14 16:30 31.67
M iddle Fork 0 0 31.64 ' > 6 98 4 l b / 13 9:35 10/14 20:30 34.92
W ally A 4 4 31.00 68 90 ' 3 10/13  ' 9:45 10/14 22:30 36 75
W ally  B 18 18 30.97 68 90 3 l b / 1'3" 9:55 10/14 23:30 37 58
W a ily C 32 35 35 14 118 157 6 l b / 1 3 10:05 10/15 0:30 3 8 .42
W ally  D 83 100 55.37 360 489 18 10/13 10:15 10/15 3:00 4 0 .7 5
W ally  E 133 240 55.84 365 500 19 10/13 10:25 10/15 4:00 41.53
W ally  F 218 400 57.47 385 530 20 10/13 10:35 10/15 5:00 42 42
W ally  G 283 500 55.65 363 503 19 10/13 10:45 10/15 6:00 4 3  25
W ally  Crk 0 4 9 ,50 289 403 15 10/13 10:50 10/15 7:00 43 83
B eaver Crk 0 38.39 156 222 8 10/13 11:00 10/15 9:00 46 17
G W R  LG 1260 57.30 383 541 20 10/13 12:15 10/15 10:00 4 5 .7 5
S ta n d a rd s  C P M  C a lib ra tio n  F ac to r
S.Oug 29 87 5 65  
12 5ug 4 2 .97  8 76
S ite  ID T o ta l
C oun ts
C P M 2 g
(pC t/L )
2 c
(B q /L )
15 Oug 50.73  10 51 Background 1 761 .10 2 5 .37 12.7 0.5
30 Oug 58.63  6 .89 Control A1 1374.00 4 5 .8 0 30.3 1.1
35 Oug 7 0 .47  8.01 Control A 2 1449.90 4 8 .3 3 30.8 1 1
175ug 3 15 .43  10.29 Control B1 1 128 .90 37.63 28.0 1.0
Control 8 2  ■ 1080 .00 36.00 27.7 1.0
A vg . C a lib ra tio n  F a c to r  8 .35 Control C l 1509 .00 50.30 30.4 1.1
Control C2 1586 .10 5 2 .87 31 0 1.1
Control b l 1887 .90 6 2 .9 3 32.5 1.2
Control D2 1773 .00 5 9 .10 3 i .8 1.2
Control E l 2 071 .95 6 9 .07 33.4 1 2
Control E2 1879 .05 6 2 .6 3 32 3 1.2
M iddle Fork 1 947 .10 31.57 25 3 0 .9
A verage M iddle Fork 2 951 .00 31.70 25.4 0.9
B ackg ro u n d W ally  A1 987 .00 32 .90 25 3 0 9
C o n c e n tra tio n W ally  A2 873 .00 2 9 .10 24 4 0 .9
(C P M )' W ally  B l 957 .00 30.13 24.5 0.9
25.32 W ally  8 2 954 .00 31.80 24.9 0.9
W ally  C l 1044.00 3 4 .80 25.4 0 .9
W ally  C 2 1063 .95 3 5 4 7 25 5 0  9
Background 2 7 54 .95 2 5 .17 11.3 0 4
W ally  D1 1626.00 5 4 .20 28.7 1 1
W ally  D2 1696 .05 56.53 29.1 1.1
W ally  E l 1658 .10 55.27 28.7 1 1
W ally  E2 1692 .00 56.40 28.9 1 1
W ally  F I 1770 .00 59.00 29.1 1 1
Linear distance is the distance betw een the river and the well. W ally  F 2 1678 .05 55.93 28.6 1.1
E FD  is the estim ated distance of ground water flow W ally  0 1 1716 00 5 7 .20 28.7 1.1
between the river and the welt based on water table m aps. W ally  0 2 1623 00 5 4 .10 28 1 1.0
C P M  is counts per minute. W ally  C reek  1 1447 .05 4 8 .2 3 26.9 1.0
R aw  conc. is the concentration at tim e o f m easurem ent. W ally  C reek2 1523 .10 5 0 .77 27.4 1.0
Corr. conc. is corrected Rn concentration (see appendix). B eaver C reek 1 1168 .95 3 8 .9 7 ' 24.7 0 9
Offset is the time betw een w ater sam ple B eaver C reek 2 1134 .00 37 80 24 5 0 .9
collection and counting, O W R  LG 1 " 1695 .00 5 6 .50 28.0 1.0
Total counts is for ttie 3b-m inute counting G W R  LG 2 1743 .00 58 10 28 3 1.0
period for each sam ple. Background 3 763  05 2 5 4 3 10 6 0.4
131
